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ABSTRACT
As a result of the rapidly expanding economy of our 
country during the past century, accounting requirements of 
large-scale business enterprise have become more complex 
and voluminous. The large industrial concern of today, is 
required to maintain extensive accounting records for effi­
cient operations. Management has greater need for timely 
information upon which to base decisions. Thus, the growth 
of the small one-man enterprise of a century ago to the 
industrial corporation giant of today has continually pro­
duced the need for improved accounting techniques.
By and large, these accounting problems presented by 
large-scale operations are being solved through the use of 
automatic data-processing machines. Since 1946, when the 
basic pattern of present-day electronic digital computing 
machines was outlined, a phenomenal growth has taken place 
in the completely new computer industry. The first elec­
tronic computer devoted to accounting use was installed in 
1954. Subsequent to this first installation, automatic data 
processing has caused a complete revision of the accounting 
systems of many concerns.
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Before automatic data-processing systems can be 
applied, however, a thorough understanding of the nature 
and functionof accountingisessential.
In recent years, accountants in both public and pri­
vate accounting, have been required to answer certain ques­
tions in their preamble through the maze and mists of 
automatic data processing. Such questions as, how far must 
we go in understanding the mechanics of these new devices? 
What about the technical details of programming? What about 
the refinements of the greatly revised flow charting neces­
sary to represent full electronic data processing?
Accountants are at the very center of systems revisions, and 
are most affected by the utilization of automatic data- 
processing equipment for business purposes. They face prob­
lems applicable to the composition of their staffs, the way 
they perform their work, the internal control devices they 
employ, their auditing procedures, and their education and 
training.
It is the scope of this study, first, to analyze the 
nature and function of accounting and the purposes for which 
accounting information is used and second, to correlate the 
accounting function and the automatic data-processing system.
In the development of the subject matter, the reader will 
become cognizant of the fact that this new equipment has 
certain definite advantages— principally, speed of opera­
tions, ability to make decisions, and ability to handle 
exceptions. It must be understood, however, that the equip­
ment cannot be regarded as a magic formula for resolving all 
business problems. It is hoped that in the study of the 
material applicable to the definition, operation, applica­
tion and other aspects of automatic data-processing systems, 
the reader will obtain a basic understanding of the account­
ing function and the changes likely to be incurred as 
electronic technology is applied to the particular accounting 
situation.
The method of approach used is to divide the presenta­
tion of this study into two parts. The information presented 
in Part I is (1) to set forth briefly the nature and 
function of accounting; (2) to examine two basic purposes 
for which accounting information is used, namely, planning 
and control; (3) to define automatic data-processing, what 
it can do for a company and its comparison with accounting; 
and (4) to consider the ways that the procedures, prepara­
tion for, and practice of accountancy may be changed by the 
application of electronics.
x
In Part II, the subject matter presented in the first 
part of the study is applied in the form of a practical 
application with the presentation of a case study concerning 
the development of an automatic data-processing system for 
certain phases of operation applicable to a major oil 
transportation company in the pipe line industry.
xi
CHAPTER I
AUTOMATIC DATA-PROCESSING— A MODERN MANAGEMENT TOOL 
PROVIDING USEFUL ACCOUNTING INFORMATION
Even though there has been slightly less than twenty 
years since the first electronic computer began operation, 
and although early experience indicates a number of mis­
takes and misuses in the early stages, sufficient knowledge 
has now been obtained about the capabilities of computers 
so that there can be no doubt as to their importance to 
business management.
Perhaps never in the history of business management 
has there been a development which promises as many pro­
found possibilities as does the electronic computer. In 
support of this contention, it is appropriate to enumerate 
some of the characteristics of computers which will dis­
tinguish them from their well-known predecessors, the 
electromechanical calculators and tabulating machines. 
First, computers are capable of automatic computations at 
amazing speeds, with an exceptional degree of reliability
2and accuracy; second, they can execute an extremely complex 
series of programmed instructions applicable to obtaining 
the solution to a particular problem completely without 
operator intervention; and third, computers are capable of 
making locrical decisions. It is this last characteristic 
which is of extra importance to management.
The above-mentioned characteristics are by no means 
all of the important aspects of computers but should be 
sufficient to stir the reader's imagination and may permit 
the realization of a concept of management previously not 
attainable. For years management has been burdened with a 
volume of details, figures and statistics, only a portion 
of which is truly significant as decision-making informa­
tion. Staff personnel have been assigned the task, first 
of assembling the mass of information and then of sifting 
out the chaff in order to deliver the wheat for management 
consumption. For a number of years management has been 
paying huge amounts of money for the chaff in order to get 
the wheat. It is significant to indicate that it costs 
just as much to handle and process the unimportant as it 
does the important. It is now conceivable, perhaps for the 
first time in management history for management by excep­
tion to become a reality without the high costs commonly
associated with such a management concept.
Selective reporting, which is another way of express­
ing management by exception, plays its most important part 
in the control of enterprise operation through utilization 
of accounting information. And a computer is the most 
efficient device for the preparation of selective reporting, 
principally because of the unique ability to make logical 
decisions, and in permitting accounting information to be 
processed with greater accuracy, speed and cost reduction. 
Computers also permit data to be rearranged in various ways, 
and thus help to solve the problem of recording data in a 
form that permits use for different purposes.
In discussing the use of computers it may be general­
ly considered that they can be divided into two categories: 
the data-processing uses and the scientific uses.
In the area of data processing, computers are causing 
substantial changes in the business activity by providing 
new methods of doing business. It is very probable that 
data-processing and management-control methods will change 
more rapidly during the next ten years than they did in the 
1950's.
This progress will not make manual data processing 
and conventional control techniques obsolete; but it will
make knowledge of automatic data processing invaluable for 
business managers, data-processing personnel, and systems 
and procedures analysts. All people who rely on facts for 
performing or managing business operations— people who need 
facts for answering questions and making reports— have a 
vital interest in the organization and processing of data.
In the area of scientific management, it is now 
possible to use quantitative techniques for many types of 
problems due to the fact that the computers can be pro­
grammed to perform a long sequence of operations quickly, 
inexpensively, and without human intervention.
Attention in this study is focused on data process­
ing for business applications thus providing useful account­
ing information for effective planning and control of 
operations.
What is Electronic Data-Processing?
From a broad point of view, the definition of elec­
tronic data processing covers the use of electronic computers 
and other related machines to assist in certain types of 
repetitive management decisions, to issue the necessary 
detailed instructions in order to carry out those decisions, 
and to feed back information on the actual progress of the
organization for management control purposes.'*'
The remaining part of this chapter is designed 
basically to set forth the underlying uses of accounting 
information by management in administering the business 
enterprise and the resulting implications for management 
with the introduction of automatic data-processing systems 
into business.
PURPOSES FOR WHICH ACCOUNTING 
INFORMATION IS USED
In directing the affairs of the large-scale, complex 
business enterprise of today, management is required to 
make decisions affecting the utilization of resources and 
the degree of efficiency in operations. Astute decision 
making by management is closely related to the broad 
functions of management which fundamentally begin with 
planning and end with control. Through planning, management 
lays the foundation for coordination by anticipating future 
situations, developing a program to be followed, and estab­
lishing standards to be obtained. Through control,
Richard G. Canning, Electronic Data Processing For 
Business and Industry (New York: John Wiley & Sons, Inc.,
1956), p. 6.
management determines the extent to which the program is 
being followed and the standards are being achieved. The 
controlling function further provides for measurement of 
individual or group performance and the degree of coordina­
tion achieved, and culminates in corrective action.
The importance of these two management functions is 
further indicated according to Lawrence A. Appley>/
Management has been defined in very simple terms 
as "getting things done through the efforts of other 
people," and that function breaks down into at least 
two major responsibilities, one of which is planning, 
the other control.^
The cycle of management functions may be portrayed as 
beginning with the conception of business opportunities and 
ending with appraisal; these detailed functions being related 
to planning, executing, and control as all of these are 
integrated by coordination and communication.
PLANNING
It has already been stated that one of the tasks of 
management is to allocate and assign the resources under 
its direction judiciously and economically. This task per­
taining to the allocation of resources and the timing
^Lawrence A. Appley, Management in Action (New York: 
American Management Association, 1956), p. 322.
sequence for combining material and human resources requires 
that management set forth the primary objectives of the 
business, clearly identify the problems involved in achiev­
ing the objectives, collect and analyze pertinent data 
relevant to the solution of the problems, consider possible 
alternatives, select the preferable alternative, and develop 
a course of action designed to accomplish the selected 
alternative. This process as described above is descrip­
tively termed Planning.
According to Floyd H. Rowland,
Business planning concerns the* development of a 
comprehensive business program beginning with the 
determination of the company objective, planning ,
how to reach the objective, and concluding with the 
determination of the adequacy of the program devel­
oped to achieve this o b j e c t i v e . - ^
Through the use of computers providing pertinent 
accounting information in the form of more timely and accu­
rate reports, planning and operating a business will be 
different in the next decade. This is brought about by the 
fact that an organization can respond faster to changed 
conditions. An entirely new operating program may be put 
into operations in a few minutes by giving the data
3Floyd H. Rowland, Business Planning and Control (New 
York: Harper & Brothers, Publishers, 1947), p. 3.
processor a new set of objectives.
In the next decade, it may well be that the differ­
ence between success or failure of a company under stiffen­
ing competition will be the ability to optimize its 
operations.
The problem of optimizing the commercial side of a 
company's business is much harder than a typical scientific 
computing job. However, the payout is much greater. It is 
this optimization procedure, commonly known as Operations 
Research in which the computer utilizing accounting infor­
mation helps solve problems applicable to planning.
Linear Programming
Linear programming is a mathematical technique which 
can be used to find the most profitable or least costly 
modes of industrial operations within specified ranges of 
conditions. Linear programming can do what it is so hard 
ifor humans to do, when there are many variables involved: 
look at a particular operation and decide which is the 
optimum course of action, even if it means operating a 
particular phase of an operation at a loss.
Among the questions to which linear programming can 
help provide answers concerning the planning function of
management are:
1. Within specified ranges of conditions, what 
quantities of what items should be manufactured so 
as to yield maximum profit.
2. Within ranges of specifications, what mixture 
of what composition should be marketed so as to 
result in a maximum profit.
Common uses of linear programming are production 
scheduling, and in the oil industry, gasoline blending. As 
an example of its potential, a medium-sized refinery that 
produces approximately 75,000 barrels per day can realize 
savings of up to §20,000 per month using gasoline blending.
Thus, once the linear programming problem has been 
solved for a particular mode of operation, to assure that 
the activities of the business proceed in accordance with a 
central plan, the basic objectives must be formally express­
ed and integrated into a coordinated program for major 
activities. To insure this, the central plan should be 
supported by detailed supplementary plans for all activities, 
expressed in physical units, monetary units or both. When 
these conditions prevail the entire business tends to work 
together in a coordinated manner through a series of inte­
grated plans.
10
Period Planning
The process of planning the over-all activity of the 
enterprise for a specified period of time, usually a year 
is properly termed budgeting. Budgeting is one of the best 
known management tools utilized in planning and involves 
drawing up detailed plans (sub-budgets) applicable to such 
items as sales goals, advertising programs, production 
schedules, inventory levels, raw material costs and require­
ments, labor costs and requirements, personnel requirements, 
expense limitations, and research programs.
In stressing the importance of the use of accounting 
information in the preparation of the budget, Welsch states:
A successful budgetary program requires close 
cooperation between the budgeting and accounting 
functions, extending to all phases of record­
keeping. The budget department and others involved 
in preparing estimates depend heavily on the account­
ing department for the reliable historical data 
which necessarily form the basis for many estimates.^
Welsch further states,
In addition, since actual costs, revenues, and 
other financial amounts are periodically compared 
with budgeted amounts, the framework within which 
these respective amounts are classified must be 
identical. For these reasons the budget procedures 
must utilize precisely the same chart of accounts
^Glenn A. Welsch, Budgeting: Profit-Planning and
Control (New York: Prentice-Hall, Inc., 1957), p. 24.
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and employ the same classification of revenues and 
expenses as the accounting department. Comparisons 
will be meaningless if the classifications do not 
coincide. This in turn requires that the chart of 
accounts and classification of amounts recorded be 
consistent with the principles of budgetary control.
As indicated above, a successful budgetary program 
requires cooperation and coordinated action within the firm. 
In any budgetary program, the sales order determines the 
basic requirements of the production schedule which in turn 
dictates inventory levels and the necessity of interware­
house stock transfers. Correspondingly, through the use of 
accounting information, operating costs may be determined.
The problem is to make the over-all cost of operation a 
minimum. Since a rise in inventory will increase inventory 
costs, and in turn reduce scheduling and transfer costs, an 
answer is not readily obtained. Problems of this nature 
encountered in the preparation of the budget lend themselves 
to the techniques of Operations Research, utilizing computers 
for quick solution to the problem.
As the operations of the large-scale industrial con­
cerns of today become more complex, management cannot easily 
observe, analyze, and assemble all facts relative to opera­
tions, therefore, they must rely to a great extent upon
5Ibid.
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information contained in reports developed within the con­
cern. Accounting and budget reports comprise a large pro­
portion of the reports needed by the various levels of 
management. Reports concerning the financial situation are 
essential to most, if not all, managerial policy decisions.
As stated in a recent study:
In order to be useful to management, accounting 
information must be communicated to management 
personnel. Communication implies that a person 
receiving the information understands the nature 
and significance of material contained in the re­
ports he receives. When communication is genuinely 
effective, management's actions and decisions are 
likely to be based on .the facts which they receive 
rather than on untested impressions and guesses.
However, there is reason to believe that accounting 
reports to management have not always achieved their 
intended purpose because the reports were not under­
stood, recipients lacked time required to grasp the 
meaning, or the content of reports was not relevant 
to problems facing the persons who received them.6
Concerning this aspect of communication of accounting 
information to management personnel a significant step for­
ward has been made by the use of computers which help 
managers of our expanding business complex of men and machines 
with solutions to their problems based upon the exception 
principle. According to a recent article in the Journal
^"Presenting Accounting Information to Management," 
NAA Bulletin, Research Series No. 28 (December, 1954), 
Section 3, p. 595.
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of Accountancy,
This principle provides for the sifting of vast 
quantities of day-to-day business data to bring out 
for management attention only those matters requir­
ing action, and electronic equipment is the tool for 
accomplishing this rapid appraisal in an effective 
manner.?
To be able to use electronic equipment effectively, the 
information must be communicated to management and utilized 
by management in taking appropriate action.
Project Planning
This type of planning is concerned with a specific 
decision applicable to one segment of the business. Deci­
sions of this type are concerned with whether to attempt to 
enter a new market, to use a new type of raw material or a 
new method of production, to buy a new machine, or any of a 
number of others. In contrast to period planning, which is 
done each year according to a definite time schedule, pro­
ject planning is utilized whenever the need arises. Although 
accounting information is used in project planning, it is 
often of a different character from the type information 
used in period planning. It is in this area that the use of
^Virgil F. Blank, "The Management Concept in Elec­
tronic Systems," Journal of Accountancy, CXI, No. 1 
(January, 1961), 59-66.
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computers can provide solution to management problems by 
analytical methods.
Utilization of the Planning Budget
Having indicated the importance of the use of account­
ing information in the preparation of the planning budget, 
the next problem is concerned with how the plan should be 
put into effect. It should be remembered that in the process 
of developing the planning budget attainable goals and ob­
jectives were kept in mind and with the help of the computer, 
the most profitable methods set forth in reaching these 
goals. This provides a challenge to the individual firm 
that these goals will be accomplished or exceeded in all 
major respects.
Upon the completion of a carefully drawn planning 
budget, it should be distributed to all members of top and 
middle management, and certain parts should be delivered to 
lower level supervisors.
After the distribution has been made, the president 
should discuss budget utilization with the top executives, 
emphasizing the necessity for actively putting the budget 
into effect and the importance of continuous control through 
follow-up. This discussion should be followed by further
15
meetings called by division managers for lower supervisory 
levels. The budget in its entirety and the means of putting 
it into effect should be discussed, thus inducing the neces­
sary budget consciousness throughout the management group. 
Basically, this is a problem of communication from the top 
down and as indicated in the quotation on the previous page 
— a generally neglected factor in industrial management.
Thus the planning budget becomes the central theme 
for current operations, and exercises a very profound coor­
dinating effect. But it must be realized that the budget, 
no matter how well prepared, can not manage. It is merely 
a tool of management, and in the final analysis men, not 
budgets, get the job done. Therefore, putting the budget 
into effect and accomplishing the desired results requires 
constant managerial effort and attention. These accomplish­
ments must be measured and reported to top management. It 
is through the control function of accounting that these 
accomplishments are determined.
CONTROL
Once the planning budget has been approved and the 
activities begun toward reaching the goals set, continuous 
evaluation of performance is required at all management
16
levels. Control is the process utilized by management to
assure itself that what the organization does-conforms to___
the basic plan of operations and promotes the accomplish­
ment of the goals established. An important aspect of the 
process involves periodically comparing actual performance 
against standards of performance, thereby providing a 
basis for necessary corrective action.
According to Edward H. Hempel,
Control in its best sense means (1) gathering 
such facts and figures that would be indicative 
of the activities performed, (2) measuring the 
quality of performance obtained in these activities, 
and (3) using the quality measures for guiding the 
men, for better planning or improved organizing or 
more effective operating. Observing thus is 
extended by the controls into fact finding, mea­
suring, analyzing, and application of the conclu­
sions.
Thus, in the control process, accounting information 
is useful in three important ways; namely, as a means of 
communication, as a means of motivation, and as a means of 
checking up. Each of these respective areas will be briefly 
discussed in the following paragraphs.
As a Means of Communication
In all business activity effective communication is
^Edward H. Hempel,(ed.), Small Plant Management (New 
York: McGraw-Hill Book Company, Inc., 1950), p. 207.
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vital. The finest organizational structure or an otherwise 
efficient planning and control system can never be attained 
if there is ineffectual communication. Chester Q. Barnard,, 
a well-known writer and proven executive makes the follow­
ing statement:
Fundamentally, communication is necessary to 
translate purpose into terms of action required 
to effect it— what to do and when and where to do 
it. This necessitates knowledge of the conditions 
of the environment, and of the action under way.
Under very simple and usually temporary conditions 
and with small numbers of persons the communica­
tion problem often appears simple, but under many 
conditions, even with small numbers, a special 
channel of communication is required.9
Thus, it can be seen that the plans of management 
can only be carried out when the people responsible for a 
particular segment fully understand what is expected of 
them. This includes an understanding of the programs and 
objectives pertaining to how many units are to be produced, 
what methods are to be used, which machines employed, how 
much material is to be purchased, and what the selling 
prices are to be. In addition to the above-mentioned pro­
grams and objectives, there must be an understanding of 
certain policies and restrictions to which the company must
9Chester Q. Barnard, The Functions of the Executive 
(Cambridge, Massachusetts: Harvard University Press, 1954),
p. 106.
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adhere such as the maximum amount that may be spent for 
certain items as maintenance, sales promotion and others; 
wage rates and hours of work. This understanding of manage­
ment's plans and policies by the individual responsible is 
facilitated through the use of central electronic equipment. 
Pre-determined work schedules within departments serve as 
informal budgets for supervisors, thus aiding in the control 
of costs. On the basis of expected volume of production, 
the EDPM system with high-speed printer can supply each 
supervisor with an advance time schedule for the week, 
listing his employees and job categories and the expected 
hours for each to work each day if the expected production 
is to be maintained. The use of pre-determined departmental 
work schedules is not new in industry, but under manual 
methods preparation of the schedules is in many cases too 
time-consuming for practicability. Electronic preparation 
of the schedules should facilitate their use.
As a Means of Motivation
Budgeting practices and policies now being utilized 
by the modern industrial concerns indicate that management 
in general has devised techniques, procedures and systems 
which are technically and theoretically sound. However,
19
there is still room for improvement in the way the tech­
niques are applied. The important problem is one of moti­
vating people to participate constructively in the planning 
and control process. It is an obvious and fundamental fact 
that organizations are made up of human beings. Therefore 
the control process consists essentially of inducing the 
people who form the organization to do certain things and 
to refrain from doing others. It is important to realize, 
that although it is necessary for some purposes to accumu­
late the costs of manufacturing a product, management does 
not control the product, or the costs of making the product. 
It is management's job to control the actions of the people 
who are responsible for incurring these costs.
This fact is most emphatically stated in a recent 
study prepared for the Controllership Foundation, Inc., by 
Sord and WeIsch.
In the utilization of any managerial technique, 
it is essential that the importance of practicing 
effective human relations be clearly recognized.
mechanics of planning and control must be clear­
ly distinguished from the motivation of individuals.
The success of an individual business largely depends 
on the ability of the management group to plan effec­
tively and to work with and lead, as well as direct, 
individuals to execute the plan effectively. This is 
an art and more than an art. It stems, in the end, 
from the supervisor*s active, sincere interest in the 
people working with and under him. Effective execu­
tion depends on sound control procedures and.the
20
ability of management to motivate individuals to 
regulate operations constantly toward the goals 
outlined in the plan.-*-®
One further observation is to be noted and it is that
\
no control system will be effective unless the organization
is convinced that management considers the system to be
\
important. As evidence of the importance attached to this
point, tfye following excerpt from a talk given by Ernest R.
\
Breech, phst president of Ford Motor Company is stated.
In Y-be course of reorganizing Ford Motor Company, 
by 194^ we had set up a modern cost control system 
and a Supplemental compensation plan. Having done 
so, we were startled to find that nothing in partic­
ular happened. We had built, or so we thought//a log 
fire under the company. But we had not, up to that 
point, applied the torch of internal competition.
In th'je fall of 1948 we called together several 
hundred of our top management men. We analyzed and 
compared the profit performance of each key operation, 
and showed how performance was reflected in the sup­
plemental compensation fund. It was quite a show, 
and each man went out of that meeting determined to 
put his own house in order. Each man in turn set up 
similar meetings of his own supervisors and the 
process continued on down the line. These meetings 
were held, and still are, at regular intervals. The 
results were almost unbelievable.
Our direct labor costs were reduced from an off- 
standard of 65% in July of 1948 to only 6% off- 
standard in 1951, and manufacturing overhead improved
-*-®Burnard H. Sord and Glenn A. Welsch, Business 
Budgeting (New York: Controllership Foundation, Inc., 1958),
p. 38.
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48 percentage points during the same period. We 
never could have achieved that performance without 
a real incentive system and internal competition 
that reached deep into our management structure.-*-!
Therefore, it can readily be seen concerning the con­
cept of control, that the use of accounting information can 
help (and if not properly used, can hinder) the motivation 
process.
One significant way in which more efficient use of 
human effort might be achieved through electronics is 
through group dynamics analysis in considerable detail; 
studies of productivity of individuals and groups involving 
complex inter-relationships can be performed by machine, 
coldly and logically, given the ability of social scientists 
to reduce the nuances of personal feeling to measurement.
In many complex intangible situations, it is not the matter 
of relationships alone which causes difficulty in visualiz­
ing the delicate interpersonal structure of work groups; 
the added burden of attempting to grasp at one time too 
many details obscures the framework of logic. If electronic 
machines will carry some of the burden of detail, social 
scientists may be able to lead managers of people in business
l^Ernest R. Breech, "Planning the Basic Strategy of 
a Large Business," Harvard Business School Bulletin (Summer, 
1955), p. 29.
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to a better understanding of how people work and why.
On the other hand, machines cannot make final deci­
sions on where or how a man should be used, and they can 
lead to only those characteristics which are measurable. 
Engineers' arithmetic equipment and statisticians' formulas 
have anticipated by years the psychologists' ability to 
reduce the human puzzle to measurement. Business is com­
posed of people; the conservation and best use of people in 
business will continue to depend on what the users (and the 
used) feel and think and want. Managing people is an art 
beyond the present or future capabilities of the most 
advanced machines.
As a Means of Checking Up
In any large organization, as previously pointed out, 
the planning process requires a carefully systematized 
program which represents the best course of action based 
upon the decisions of superiors. This master plan results 
in significant detailed plans providing an operational guide 
for subordinates which is consistent with the company's 
over-all objectives. Since the many decisions necessary 
for carrying out these plans are delegated to subordinates,, 
the top management group in a decentralized organization can
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maintain control only if there is an adequate and effective 
means for quickly setting forth a departure from the plan. 
This concept, already previously described as management by 
exception relies heavily on the accounting system.
In the process of comparing actual performance with 
planned performance for the purpose of measuring the degree 
of efficiency or inefficiency in the particular task, this 
process of evaluation encompasses several steps. First, 
there is a comparison of planned performance with actual 
performance,* second, a decision as to any deviation and its 
significance; and third, a decision as to the corrective 
action that should be taken.
According to Koontz and O'Donnell, "a central purpose 
of any control system is to draw attention to significant
variations from standards of performance and to pinpoint
12individual responsibility."
It is here that we see the control device providing 
a means of appraising a person's performance— of indicating 
whether or not he has done a good job. This in itself is a 
most important control function.
12Harold Koontz and Cyril O'Donnell, Principles of 
Management (New York: McGraw-Hill Book Company, Inc.,
1955), p. 619.
i
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According to Hill and Gordon,
The periodic reporting of actual results against 
previously determined standards serves two other 
important purposes: first, it helps management to
evaluate the performance of subordinates; and, 
second, because the difference between his actual 
and budgeted performance can be looked on as his 
"profit or loss," it provides each department head 
with a motivation similar to that of the independent 
businessman.13
In those situations where the time required to pro­
cess physically masses of operating information has caused 
delay in reporting idle time and materials usage, for 
instance, back to department heads and foremen, electronic 
record-keeping should provide quicker reports. One of the 
criticisms of punched-card systems has been the length of 
time between recording and reporting, because of the punch­
ing, verifying, sorting, collating, and other time-using 
operations. In those cases where immediate electronic 
recording can take place, electronic equipment can provide 
quick reporting; where manual preparation of input informa­
tion cannot be avoided, promise of quicker reports through 
electronics may be an illusion.
Present developments in automatic recording suggest
13Thomas M. Hill, and Myron J. Gordon, Accounting— A 
Management Approach (Homewood, 111.: Richard D. Irwin, Inc.,
1959), p. 341.
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that many devices for on-the-spot recording will come into 
use to bypass the manual punching step. When that happens, 
many firms will find it possible to feed back to supervisors 
and to their superiors detailed reports on departmental and 
individual performance for each day before the day is over. 
Stored programs for interpretation of time reports and pro­
duction records can provide indices of efficiency and can 
indicate promptly points of exceptional performance for 
immediate managerial attention. As evidence of the use of 
an electromechanical system designed to provide timely, 
accurate data for centralized production control in a manu­
facturing plant, a multiple-operation plant whose former 
methods of production control required a formidable amount 
of paperwork is used.
With the new equipment, all data from machines in 
the shop are electrically fed to the central control 
room where they are automatically recorded. Operator, 
foreman, or timekeeper records are no longer required. 
Instead, each production machine or assembly station 
is equipped with automatic sensing, or counting de­
vices, which, in combination with a machine control 
box, transmits production data and certain signals to 
the control room.
The control room, manned by two supervisory dis­
patchers, contains the heart of the equipment. One 
monitor and ten control cabinets "supervise" two 
hundred stations in the plant. The signals are fed 
in through the monitor and are then routed to each 
on the control cabinets. Each cabinet receives 
signals from twenty machines, which are individually
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recorded on twenty control panels, one for each 
machine. Data recording is further implemented 
t>y a two-way communication system between the dis­
patchers and each machine control box.
Thus, at a glance, management can scan the status 
of the entire plant's productive effort. An add- 
punch machine records the information from the counters 
on tape. These data are converted to punched cards 
for the accounting department where they are used to 
determine job cost, piece cost, downtime, units pro­
duced, and other necessary costing and payroll informa­
tion . 14
Media of Control
At all levels of management the control process has 
universal application, however, the exact control techniques 
used and the number used vary widely. The number and types 
of control techniques used will depend on the needs of an 
individual business. These needs will vary with personnel, 
organization structure, location, facilities, products, 
types of customers, types of materials used, length of 
manufacturing cycle and many other important factors. For 
these reasons it is extremely difficult, if not impossible, 
to transplant without modification the exact control tech­
niques from one business to another. For the best results 
a control system should be designed for a particular business,
14Vincent T. Donnelly, "Electromechanical Production 
Control," Journal of Accountancy, CIX, No. 4 (April, 1960), 
67.
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and control techniques should be tailored to the need's of 
that particular firm.
The complexity of the control process necessitates a 
large number of specific controls and the use of a wide 
variety of control techniques. Since management, to operate 
efficiently, must control manpower, output, quality, materi­
als, facilities, processes, and costs for each organizational 
subdivision, the number of controls needed will be large.
The variety of controls will also be great because the exact 
control techniques used vary according to the dictates of 
the organizational level and the problems existing at that 
level.15
THE IMPACT OP COMPUTERS ON 
PLANNING AND CONTROL
Having presented the two basic functions of manage­
ment which utilize accounting information, namely, planning 
and control, one question might now be asked when relating 
the impact of computers on these two important management 
functions. Is the whole greater than the sum of the parts?
15Burnard H. Sord and Glenn A. Welsch, Business 
Budgeting (New York: Controllership Foundation, Inc., 
1958), p. 344.
The next few pages will indicate that it is.
This question is best answered when all of the 
applications utilizing a computer in a particular firm are 
coordinated on a master plan which will permit maximum use 
of common input and output data. In addition to its data- 
processing function, the computer will become a very effec­
tive communication device. By using common source data, it 
will eliminate communications problems before they exist.
By its ability to make integrated analyses and reports 
which reflect the requirements and results of all manage­
ment functions, it will at once communicate and minimize the 
problems of communication among all functions of a depart­
ment.
The ultimate goal or long-range objective of any 
firm utilizing automatic data-processing equipment should 
be the development of an integrated management control 
system. Such a system would utilize the information from 
market analyses and sales projections to report to manage­
ment the pulse of retail trade in the firm's market areas. 
Tying in the budget, production control, and all other 
applications, the system should give management a far greater 
ability to adjust selling facilities placed at its disposal.
This simply means that it may soon be possible for a
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company to obtain its ultimate goal— to make the right 
product— and to have it at the right place, in the right 
quantity, at the right time, and at the least expense. If 
a company can do this to any degree, the effect upon the 
profitability of the operations— upon its ability to com­
pete effectively in an ever increasing market— will be 
staggering. When the computer becomes part of a total 
system and permits a company to obtain this goal, it will 
be fulfilling its potential as a management tool.
Through the use of the following hypothetical situ­
ation in which management will make a decision to increase 
the rate of production and at the same time vary the model 
mix of a line of products, the use of a computer can best 
be exemplified in relation to planning and control concepts 
developed earlier in the chapter.
Under normal competitive circumstances, the motiva­
tion for an increase in production is the optimistic inter­
pretation of sales and inventory reports, analyses and 
forecasts. Through the use of a computer in the areas of 
marketing and distribution, the presentation to management 
of sales and inventory information provides a photoflash 
picture of the distribution potential. Based upon an 
analysis of this information, management then makes a
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preliminary decision to increase production. But then the 
problems come! Exactly what should the volume and model mix 
of the new production level be to assure maximum profits?
Is the contemplated production schedule both technically and 
economically practicable from the standpoint of labor, inven­
tories, and physical equipment?
With the availability of a large-scale computer, 
management may, for the first time, have the opportunity to 
make a rapid prevaluation of the decision and its possible 
effects on operations. Management will ask the computer to 
make an integrated analysis of the preliminary decision—  
automatically reflecting the interests of all phases of 
management— marketing, manufacturing, and financial. Here 
is where some of the applications mentioned in the early 
part of this chapter start to tie in with the master system. 
Using the budget application, through the use of linear 
programming it is possible to analyze as many combinations 
as necessary of product mix, selling price, and price allow­
ances to determine which combination will produce the maximum 
budgeted income from sales. Incorporated in the preliminary 
budgets will be the current standard manufacturing costs and 
manufacturing variances provided by the general and cost 
accounting application— which in turn will receive current
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labor and material costs and variances from the automatic 
extension of payroll and material control applications.
With the material-scheduling and inventory control applica­
tion it will be possible to measure the effects of the 
tentative schedules on the inventory situation and to deter­
mine the earliest possible date any production schedule may 
be effected. Manufacturing will be able to predetermine 
rapidly the ability of the factory to produce economically 
at the proposed level. If the schedule being considered 
represents a significant increase, determination must then 
be made as to whether capacity is adequate— for the entire 
plant, as well as for each group of equipment and each 
piece of equipment— each for a one, two, or three shift 
operation. From the machine-loading and assembly line- 
balancing applications, manufacturing management will be in 
a position to say whether they can produce 3,000 units per 
day, but at the rate of 3,000 units per day, the unit cost 
will be so many dollars or cents more than if production is 
at either 3,050 or 2,950 units per day. Before the era of 
computers, the element of time forced manufacturing planning 
to be directed primarily at fulfilling a stated production 
schedule by a specified date. Pre-analysis was devoted 
largely to the obvious bottlenecks.
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All pre-analysis information is, of course, appraised 
by management until a final decision is made. At this point 
the planning function of management utilizing the computer 
enters another phase— that of implementing the decisions to 
the point where products are being produced according to the 
new schedule. The computer will prepare operating budgets 
for every organization section. It will explode inventory 
requirements for the balance of the production year. It 
will prepare balances for all assembly and subassembly lines, 
machine-loading schedules for all equipment groups. It may 
actually provide to manufacturing management and supervision 
the paperwork necessary to operate the plant according to 
the revised schedule. Thus, through the use of accounting 
information supplied by the computer, these middle manage­
ment people are motivated to meet the production schedule 
as outlined by the computer.
The next stage is where results are produced— finish­
ed products rolling off the assembly lines. At this point 
computer applications enter still another phase, that of 
checking up. Actual production results are compared by the 
computer with original requirements and schedules. If 
schedules are not being met by all manufacturing sections, 
the computer will prepare the necessary revisions to
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operating schedules— and, if necessary, on a daily basis.
Finally, the computer will calculate and print 
present status reports for all levels of management. It 
will prepare production and inventory reports by type of 
product. It will, using the payroll and material control 
applications, prepare analysis of labor efficiency and mate­
rial variances— and, to tie the whole package together, will 
compare actual results to budgets and other standards of per­
formance measurement.
Thus, as indicated by the above-presented hypotheti­
cal situation, it is very evident that electronic computers 
as a part of an automatic-data processing system are destin­
ed to be recognized as the most powerful management tool yet 
developed. When considered as part of an intelligently 
designed system, computers offer the new and exciting capac­
ity to provide management with information never previously 
available— that information which management requires to 
make sound decisions.
CHAPTER II
ACCOUNTING AND AUTOMATIC DATA-PROCESSING 
FUNCTIONS COMPARED
Basically, accounting may be considered as the lan­
guage of finance, or more precisely, a philosophy of numbers. 
It is the process of accumulating and recording the details 
of the forces and values representing the every day business 
transactions through Arabic numerals, and of communicating 
summarized results to interested parties.
According to the Committee on Terminology of the 
American Institute of Certified Public Accountants,
Accounting is the art of recording, classifying, 
and summarizing in a significant manner and in terms 
of money, transactions and events which are, in part 
at least of a financial character, and interpreting 
the results thereof.1
By its very nature, accounting is an essential tool 
of management. With the development of the modern, large- 
scale enterprise of today, no important management decision 
concerning the financial and operating policies of a
^"Review and Resume," Accounting Terminology Bulletin 
No. 1 (1953) , p. 9.
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business organization can be made and successfully obtained 
without being reflected in figures. Thus, there has devel­
oped in the past few years a realization that we live in a 
world of mathematics, and in a business and economic atmos­
phere based upon competition and the profit motive, indicat­
ing the enormous significance attached to Arabic figures.
The Committee on Terminology of the American Insti­
tute of Certified Public Accountants in defining accounting 
was careful to include the interpretive function in its 
definition. It is in this area that accounting best serves 
management by portraying analyses and trends that interpret 
past operations and establish guides to aid in the planning 
of future operations.
FUNCTION OF ACCOUNTING
Considered from an all-inclusive point of view, 
accounting has one predominate over-all function— promoting 
and fostering the management of economic activity. Accord­
ing to Professor Paton of the University of Michigan, this 
function may be considered as having two closely related 
phases: "(1) measuring and arraying economic data; (2) com­
municating the results of this process to interested
2parties." Thus, accounting is well recognized as an 
integral part of the business and economic structure of the 
nation and maintains its existence based on the services it 
provides to the nation's economic and business society.
Accounting, in furnishing financial data applicable 
to a particular business enterprise, has consistently ans­
wered two questions; first, what has been the results of 
the company's operations for a specified period of time, and 
second, what is the financial position of the company as of 
a particular date. Answers to these two questions are sup­
plied by accounting through the general-purpose statements, 
the income statement and the balance sheet.
Closely related to the answers provided by the gen­
eral-purpose statements are numerous questions resulting 
from the "administrative and economic activities" of an 
enterprise. The answers to these questions are provided by 
reports referred to as special-purpose statements. These 
special reports emphasize certain aspects of the financial 
position or certain phases of the operations as required by 
management, or that must comply with regulations as pre­
scribed by governmental regulatory bodies, stock exchanges
2William A. Paton, Essentials of Accounting (New York 
The Macmillan Company, 1949), p. 6.
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and trade associations.
Assistance to Management
In the course of the past half-century, there has 
developed in this country applicable to institutional and 
governmental operations, a very complex and intricate kind 
of administrative machinery. One thing can be indicated 
with emphasis: the managerial skills that were appropriate
for an earlier period will not suffice today.
There was a time when business operations were run 
on a day-to-day basis. Today, however, a successful mana­
ger must consider the future and plan accordingly; long- 
range planning preferably ten to twenty years ahead, if his 
business is to continue and grow in an ever changing world.
There was a time when current profits were the only 
concern of most businesses. Today, however, the larger 
goals of stability and steady growth in earning power pre­
sent new challenges to the manager, without reducing the
t
necessity for sound current earnings.
There was a period when the decisions of management 
had little influence on the military and economic strength 
of the nation, but today, many decisions are made with a 
definite realization of the company's responsibilities to
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the national defense and local, or even national business 
conditions.
There was a time when management considered that if 
its stockholders were satisfied, and that the firm was not 
losing customers to its competitors, its managerial respon­
sibilities were being satisfied. Today, however, successful 
management realizes that the firm's continuance of existence 
and profitability depends on a much broader relationship in­
volving not only stockholders and customers, but employees, 
other businesses, other institutions and society as a whole.
In assisting management meet its responsibilities in 
the ever present decision making process, accounting collects, 
reports and interprets statistical and financial information 
for objective analysis. According to Heckert and Willson,
The use of modern accounting and statistical data 
is the means by which the executive is able to direct 
and control operations which reach beyond the range 
of his own personal observation and supervision.3
It is not suggested that accounting determinations 
are the only bases for policy decisions.
The accountant does not pretend to be an executive 
and is not concerned with making executive decisions;
3«J. B. Heckert and J. D. Willson, Controller ship 
(New York: Ronald Press, 1952), p. 5.
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he is chiefly concerned with providing the execu­
tive with the kind of factual information he needs, 
recognizing that "intangibles" and other non­
accounting types of information are also essential 
for executive decisions.^
The late Professor of Accounting at Wayne State Uni­
versity, Dr. George R. Husband, points out that,
. . . accounting is the medium through which the
necessary acquaintance is gained with the properties 
which constitute the basis of a firm's operations and 
with the past and current business experiences which 
are requisites for intelligent decision.^
The Organization of Accounting Services
With the tremendous growth of the modern industrial 
enterprise in the past half century have come technological 
improvements in accounting which have grown out of the need 
for record and reporting services to be performed more 
rapidly and in greater detail. Even though these technolo­
gical improvements have been introduced, they have not 
altered the basic logical flow of business data. The busi­
ness whose records were kept in pen and ink journals and 
ledgers performed the same basic steps in providing financial
^West Churchman and Russell L. Ackoff, 'operational 
Accounting and Operations Research," Journal of Accountancy 
(February; 1955), 34.
^George R. Husband, Accounting— Administrative and 
Financial (Philadelphia: Chilton Company, 1960), p. 2.
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and related information as the modern industrial concern 
utilizing an automatic data processing system whose records 
are an invisible pattern on the surfact of yards of magnetic 
tape or on metallic disks. These basic services may be con­
sidered as recording, analyzing and reporting.
Design and Installation of Accounting Systems
It is in this area of accounting activity that a study 
of the individual business enterprise is conducted in order 
to determine the means by which business data will be pro­
cessed to achieve a corporate purpose. Numerous aspects 
concerning appropriate accounting procedures that are to be 
employed must be considered, such as control, compliance, 
and unit cost information. In addition, it is important to 
recognize when and where and how the information from varied 
sources and in diverse forms is to be recorded. Once the 
original recordings of accounting information has been made 
the information must then be classified and analyzed.
Analysis includes summarization and rearrangement of inform­
ation. Finally, accounts are rearranged into functional 
groupings or into other desired forms for presentation in 
reports to provide information. Supplying the answers to 
these and related problems is recognized as systems work.
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Present organizational structures of many large concerns 
assign this phase of accounting to a specific group, the 
Systems and Procedures staff or Methods Analysis staff.
A study of the American Management Association reveals 
the importance attached to systems work.
A majority of the companies included . . . con­
sider office methods, systems, and procedures impor­
tant enough to assign this function as the chief 
responsibility of at least one employee. . . .
Methods, systems, and procedures in the office are 
the chief concern of at least one employee in 67 per 
cent of the responding companies. . . .
"Systems and procedure" is the departmental title 
that appears most frequently in the replies of the 
90 companies that have such a staff; 14 respondents 
use it. . . .
Other titles mentioned by a number of firms are 
"methods," "methods and procedures," "procedures," 
"management services," "methods and standards," and 
"systems.
AUTOMATIC DATA PROCESSING FUNCTIONS
There are a number of functions which must always be 
carried out in business data processing, whether done by 
manual, mechanical, or electronic methods.
Most business information must initially be recorded.
^"Office Organization for Methods, Systems, and 
Procedures," Management News (January, 1956), 7.
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The information may originate in many ways, such as the 
manufacture of. a product, its sale, the payment for it, 
payment of the workers who made it, and so forth. The 
information may be recorded on any of a variety of media; 
paper, paper tape, punched cards, magnetic tape, and so 
forth. If the recording is done directly in a machine 
language, a hard copy, such as a typewritten sheet which is 
more readily comprehensible to human beings, is frequently 
also produced.
The information which has been recorded is usually 
needed at other physical locations, so some means of com­
munication are required. This is commonly provided by the 
manual movement of documents, but the use of such techniques 
as teletype transmission is growing rapidly.
Information must be stored. It may be stored in the 
same form as originally recorded, or it may pass through 
several forms of storage during its processing. For in­
stance, it may be manually recorded on a document initially, 
then punched into cards, then converted to magnetic tape, 
processed by a computer, and then converted to a printed 
report.
Information must usually be processed to put it in 
more useful form. Examples of this processing include:
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arithmetic operations such as the calculations of a man's 
pay from his hours worked and pay rate; sorting into some 
sequence; summarization. Other examples could be given but
7
these are representative.
The processed information must be made available to 
the ultimate users. This output may be some form of report 
for operating or planning purposes, or it may be a punched 
card bill sent to a customer, to name two examples.
Thus we can see that the functions now being perform­
ed by the electronic digital computer are very similar to 
the accounting functions as previously indicated. The com­
puter is considered as a device which accepts raw data, 
having been recorded in acceptable form, manipulates it, 
makes calculations, and produces reports and documents, thus 
conforming to the functions of accounting of recording, ana­
lyzing and reporting.
^Haskins and Sells, Introduction to Data Processing 
(New York: Haskins & Sells, 1957). This book relates the
principal methods and devices used in data processing to 
the basic operations they perform. The second chapter out­
lines and discusses the basic data-processing operations of 
classifying, sorting, calculating, summarizing, recording, 
and communicating.
The Fundamentals of Electronics
Electronics is founded on the fact that a small 
electronic tube, such as shown in Figure 1, can be turned 
off and on many millions of times each second . . . not only
this, but it can recognize the fact that it is either off or 
on. When the nomenclature is changed from "off" and "on" to 
represent "yes" or "no" (which is a simple logical decision) 
or to "this way" or "that way" (which is a procedural choice), 
or to "O" or "1" (which is a means of representing numbers 
and alphabetic characters in binary arithmetic forms) the 
use of electronics for processing business data become 
extremely important. „
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FIGURE 1
THE ON (AGAIN) OFF (AGAIN) ELECTRONIC TUBE
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Many of these electronic tubes are combined to make 
a circuit which can process many "offs" and "ons," "yesses" 
and "noes," "this way" or "that way," "0" or "1," and has 
often been referred to as an electronic brain. However, in 
the early stages of development of the computer, there was 
no memory unit, so necessary to hold the results created by 
the electronic circuit. Thus, the search began for a suit­
able memory and continues on even today.
The first method of memory used was the electronic 
tube itself, but the number of tubes required proved imprac­
ticable for general use. Further it required that elec­
trical power remain on without interruption to maintain the 
memory.
A more permanent and less bulky method of memory had 
to be developed. One of the first innovations was magnetic 
memory which is most widely used at the present time.
Magnetic memory is founded on the fact that a small portion 
of metal, smaller than the period at the end of this sentence, 
can be magnetized or demagnetized many millions of times 
each second, and can also, like the tube, recognize its 
condition. The big advantage of magnetic memory is that, 
when the power is turned off, the small magnetic portion of 
the material remains magnetized and forms a permanent memory.
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One of the first usable forms of magnetic memory was 
the magnetic core, a small doughnut, no bigger around than 
the dot over the letter "i," composed of a ferrous oxide 
material. The core is magnetized or demagnetized by elec­
trical impulses transmitted to it by electrical wires woven 
through its center, as shown in Figure 2. This forms an 
extremely fast means of memory. However it is very costly
to weave many of these magnetic cores together to form the 
large memory for which the engineers were searching in the 
early stages.
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MAGNETIC CORE MEMORY
The next method to be used placed the small portion
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of magnetized material on a solid surface as a small spot 
which was either magnetized or not magnetized. In order 
to recognize or read the small spot, the solid surface was 
made movable and was passed in front of a stationary record­
ing head such as is found on a dictaphone or tape recorder 
(Figure 3).
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MAGNETIC SURFACE MEMORY
"Read-write" head is the nomenclature assigned to 
recording heads, because they can either read a magnetic 
spot in memory and transmit the information to the elec­
tronic brain or they can accept information from the elec­
tronic brain and write it in memory in the form of small 
magnetic spots. Similar read-write heads exist in all 
present day electronic equipment.
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This type of magnetic memory was first put to use on 
a magnetic drum, usually a nickel alloy cylinder about 16 
inches long and four inches in diameter, coated with a 
ferrous oxide material and revolving at the rate of 12,500 
revolutions per minuts (Figure 4). Every time the drum 
revolves, the magnetic spot can be read or it can be erased 
and a new one written.
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FIGURE 4 
MAGNETIC DRUM MEMORY
The time it takes the magnetic spot to make one com­
plete revolution from the read-write head around the drum 
and back to the read-write head again is known as access 
time, which becomes very critical in all electronic machines 
because the electronic tubes in the central processing unit, 
could operate upon many pieces of information during the
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time it has to wait for the drum to make the complete revo­
lution to obtain information to process. Hence, the size 
of the magnetic drum must be restricted to about four inches 
in diameter or else the access time required to make one 
revolution becomes prohibitive. This size factor limits 
the storage capacity of magnetic drum memory to a relatively 
small working area and thus limits the number of digits of 
information which it can store. However, this means of 
memory is very economical.
In order to increase the storage capacity of memory 
another means of magnetic memory was developed which did not 
limit the memory to 20,000 digits of information. This was 
the result of the solid magnetized surface being placed on 
a continuous plastic tape many feet in length, which could 
pass in front of the stationary read-write head at the 
terrific speed of 112^ inches per second (Figure 5).
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MAGNETIC TAPE MEMORY
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In this manner, unlimited lengths of tape can be 
used to obtain unlimited memory. However, access time is a 
great drawback here. If information is being read on the 
front end of the tape and information is needed from the 
back end of the tape, it is possible to be 2,400 feet away 
from the information needed. To reach this information 
means wasted time and in electronics, this wasted time is 
not permissible. However, the magnetic tapes do offer 
unlimited memory at a low cost and, due to their speed, and 
ease of handling, they also offer an excellent means of in­
put and output of data for the central processing unit.
The latest improvement to magnetic memory is the 
magnetic disk memory which looks very similar to the 50 
over-sized phonograph records stacked one on top of the 
other (Figure 6) revolving at high speeds. In this type of 
memory, not only does the magnetic spot on the record-like 
surface move but also the read-write head is no longer 
stationary and can now move and go after the information 
stored in its memory, regardless of whether it is in the 
front end or the back end, the top or on the bottom. Making 
the read-write head movable reduces access time to almost 
zero.
This type of magnetic disk memory offers for the
first time large economical memory ranging up to 60 million 
digits with extremely fast access to any one of these 
digits
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MAGNETIC DISK MEMORY
The central processing unit has now been equipped 
with a memory but still it will not process data by itself. 
Another important ingredient, instruction or machine pro­
gramming, is still necessary to make the machine operate 
independently. Nothing outside the machine can keep up with
^International Business Machines Corporation. IBM 
305 RAMAC-Manual of Operations (New York: International
Business Machines Corporation, 1957).
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the many millions of operations which are taking place in­
side it each second. Thus the electronic data processing 
machine must have its step-by-step instructions which con­
trol its processing of data, stored in its own memory where 
it can gain immediate access to them. This is known as the 
stored program concept.
A COMPARISON OF MANUAL AND ELECTRONIC 
PROGRAM EXECUTION
All record-keeping systems, whether maintained manu­
ally, or through the use of electronic data-processing 
devises, serve to perform certain basic functions. Accord­
ing to Haskins & Sells, in their book Data Processing by 
Electronics, seven basic functions are indicated, as follows:
1. Preparation of source documents.
2. Introduction (or input) of data from these 
documents into the record-keeping system.
3. Data manipulation, comprising assembly, sorting, 
and classification of data; reference to and extrac­
tion of related data, previously stored; and computa­
tion.
4. Storage of data, including temporary filing of 
intermediate results and other data in process and 
maintenance of files of carry-forward data.
5. Withdrawal (or output) of results from pro­
cessing .
6. Summarization of results.
7. Supervisory control.9
9Haskins & Sells, Data Processing (New York: Haskins
& Sells, 1955), pp. 9-10.
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When the record-keeping system is viewed from an 
electronic data processing point of view, four basic ele­
ments must be considered. These are, input of source data 
into the system, processing of the input data, output of 
the finished data and memory, a place to store all necessary 
records and the step-by-step operational programs to process 
these records.
The easiest method of explaining the operation of an 
electronic data processing system is to compare its opera­
tions to those of an accounting clerk. The clerk is given 
a set of step-by-step instructions. In comparison, the 
electronic data processing machine is given a stored program 
in its memory. The next step is to follow through and see 
how each handles input, processing, memory and output. The 
set of instructions outlined in Figure 7 is for the simple 
operation of posting an input entry to a ledger and creating 
a new balance forward as output.
The first instruction under input tells the clerk to 
"read a source document." This he does slowly. The elec­
tronic data processing system's first program is the number 
84, which means to the machine, "read a source document."
The machine is capable of reading in input data at the rate 
of 60,000 characters each second from magnetic tapes.
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COMPARISON OF INSTRUCTIONS FOR A SIMPLE POSTING ROUTINE
The next instructional step tells the clerk, "select 
a matching ledger card from the files." The clerk does this 
by getting up from his desk, going to the files, thumbing
them through until he finds a matching ledger card, removing
\
that card and returning to his desk with it. Upon returning 
to his desk, he must check the ledger card against the input 
data to make sure he pulled the right card, before he can 
proceed any further. The electronic system under program 94, 
does the same operation, except that it removes the ledger 
information from its memory with no delay in the processing 
time.
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At this point there are several fundamental functions 
which should be re-emphasized about electronic data process­
ing machine systems. One is how the machine knows where 
information is stored within its memory. The answer to this 
is really very simple. Each position of memory in any elec­
tronic system which is capable of storing a digit of informa­
tion has an "address." This address is comparable to a 
house address which distinguishes this particular house from 
many thousands of other houses. Another example is a partic­
ular telephone number which distinguishes it from the many 
other telephone numbers found in the telephone directory. 
Thus, since each position of memory has an address, any 
record stored in memory can be located by knowing its 
address. It is difficult enough in accounting work to remem­
ber all of the general accounting codes, vendor's numbers, 
customer's code numbers and the like without having now, in 
addition, to remember an electronic system's address code for 
the account, so the electronic system is so designed to auto­
matically code and decode location addresses for all of the 
information stored within its vast memory. No further 
thought has to be given to it by the accountant.
As information is removed from the machine's memory, 
it is removed almost instantaneously through the use of
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magnetic disks which revolve at high speed and the use of 
movable read-write heads. These magnetic disk machines 
have three read-write heads or, as they are called, access 
arms and there is a definite purpose in having three. While 
one access arm is working upon information which is being 
processed, the second access arm can be writing information 
from the previous operation, and the third access arm can be 
searching or seeking the record in memory which will be used 
by the central processing unit next.
It should also be emphasized that information trans­
ferred within the electronic data processing system is 
checked for accuracy automatically, both on the delivery of 
information to or from memory and the delivery of the infor­
mation to or from any of the other units comprising the 
system. This automatic checking feature eliminates the step 
which the clerk had to take in checking his ledger card back 
against the source document when he returned to his desk.
With this explanation of the addressing system in 
memory, the seeking out of random information with three 
access arms, and automatic checking, it is possible to com­
prehend that the electronic system would have no difficulty 
in obtaining any record from memory accurately and instan­
taneously.
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Returning to the illustrative program and comparison,
t
the next three instructions to the clerk tells him to "place 
the source document1s amount in adding machine, place the 
previous balance in the adding machine and total the new 
balance forward." Again the clerk does this slowly and 
manually, whereas the machine's program 65 and 68 transfer 
the previous balance from memory to an accumulator and add 
to it the input amount at a rate of 11,400 additions or 
subtractions of five-digit numbers in one second.
The next instruction for the clerk is under the head­
ing of output and tells him, "write the balance forward on 
the ledger card and return the ledger card to its proper 
place in the file." The clerk does this again manually and 
slowly by writing on the ledger card the balance forward 
total from the adding machine and returning the ledger card 
to its proper position in the file. The electronic system 
on the other hand, by program 96, can instantaneously record 
the new balance forward in its proper memory address loca­
tion.
The clerk is now instructed by his manual program to 
"start again," which he does by going back to the first 
instruction and processing all the instructions again and 
again in the repetitive drudgery of clerical routines. The
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machine, on the other hand, reads program 28, which tells 
it to go back to the first program step and start again.
The machine does this speedily and runs through the program 
again and again in a looping operation which is known as a 
looping program. The electronic data processing machine 
system continues to operate upon the looping program until 
there is no more data to be processed.
As has been illustrated, both the clerical system and 
the electronic data processing system process data similarly. 
The big difference between the two is that a posting opera­
tion such as the one just illustrated would take the clerk 
possibly a minute or more to complete whereas the electronic 
system can process 10 such posting operations before the eye 
can even more to the next word on this line.
THE EQUIPMENT WHICH MAKES UP AN ELECTRONIC 
DATA PROCESSING SYSTEM
In considering the physical nature of a hypothetical 
electronic data processing machine system, Figure 8 indicates 
that the previously discussed four basic elements of input, 
processing, memory and output are still evident. Each of 
the basic elements are next considered in order to depict 
what type of machine components fall into each category.
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Processing
Under processing there will always be found a central 
processing unit which is the heart of any electronic data 
processing machine system. It controls and operates all of 
the other machine components. All arithmetic, logic and 
programming is accomplished within this unit. A basic part 
of any central processing unit is the machine's console or 
the operator's control panel, where the operator controls 
the operations and can communicate with the machine, and 
where the machine can communicate with the operator. Basic­
ally, the central processing unit is generally composed of 
many electronic tubes or the newer transistors, coupled with 
either magnetic core memory, magnetic drum memory or com­
bination of both.
Input
Under input of source data into the system will be 
found such units as manual key-driven equipment, punched 
paper tapes, standard punched cards or the high-speed 
magnetic tape. Some machine systems can be equipped with all 
four types of input. However, it must be remembered that the 
best type would be the fastest, which is magnetic tape input 
at the rate of 60,000 characters or digits of input informa­
tion per second from each tape unit connected to the system.
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More than one tape input unit can be so connected. Some 
electronic data processing machine systems could have as 
many as one hundred tape units connected, if necessary.
Output
Under output are to be found typewriter, paper tape, 
punched cards, high-speed accounting machines, high-speed 
printers and, of course, magnetic tape again. The choice of 
any one means of output is dependent upon a particular 
user's needs. There are a great number and variety of these 
units and they operate anywhere from the speed of a type­
writer on up to the speed of the 1,000 printed lines per 
minute, and in some cases even up to 3,600,000 digits of 
information per minute on each magnetic tape unit.
Memory
Memory is represented by such components as high-speed 
magnetic core storage units, magnetic drum storage units and 
magnetic disk storage units. All of these units are capable 
of storing many millions of digits of information, all com­
pletely addressable and all available to the central process­
ing unit at extremely fast access speeds.
To tie all of the many different machine components 
together into an electronic data processing machine system,
there are usually a variety of machines which may be cate­
gorized as buffers and control units. Their basic function 
in the system is to connect all of the machine components 
together, to operate as a switching station (lihe a railroad 
round house) in-between the many machine components, to act 
as a speed regulator for these components (which operate at 
many different speeds) and to assure a steady flow of data 
into and out of the central processing unit at its optimum 
operating speed.
THE IMPORTANT MATTER OF INQUIRY INTO MEMORY
One more basic function must be added to the previous­
ly mentioned four basic functions of input, processing, 
memory and output before an electronic data-processing 
machine system may be considered as being complete. This 
fifth basic function is that of inquiry. By this is meant 
the ability to interrogate any information stored within the 
memory of the machine. Using an inquiry unit, it is possible 
for the operator at any time during the operation of an 
electronic data processing system to inquire of the system 
any factors, such as the status of any of the general ledger 
accounts, the balance due in any customer's account, the 
quantity on hand of any inventory item, the credit rating of
any customer, the sales record of any salesman and, in fact, 
any record which is stored within the memory of the machine. 
Current models of inquiry units are capable of making re­
quests into the machine's memory and start printing the 
contents of the memory in less than eight-tenths of a second.
CHAPTER III
SIGNIFICANT CHARACTERISTICS OF ACCOUNTING BY COMPUTER
In the pre-electronic era the problem of accounting 
was largely one of writing entries in journals and ledgers 
and summarizing those entries so that they might be typed 
into report forms. Electric accounting machines have re­
lieved the accountant of many of the tedious chores which he 
once performed and, subsequently, electronic data processing 
machines have absorbed an even greater portion of these 
routine tasks usually executed by the accountant. Today, 
line items may be key-punched into cards, written on magnetic 
tape, sorted into a systematic order, entered in a journal 
or ledger, summarized on tape, and recorded on paper without 
having the accountant lift a pencil after he has completed 
his pre-installation planning. Electronic data processing 
machines are performing these functions at electronic speed 
and producing a final product that is far more accurate than 
man's efforts, even when he is performing at his maximum 
potential.
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CHARACTERISTICS OP BUSINESS DATA PROCESSING
Computations and records vary from job to job in 
business data processing and record keeping. There are, how­
ever, certain characteristics common to most jobs. Accord­
ing to a recent study prepared by the National Industrial 
Conference Board, Inc., some characteristics that are regard­
ed as being common to most business data-processing and 
record-keeping operations are:
1. A large volume of individual transactions.
2. A large number of individual operations.
3. Many additions and subtractions, but relatively 
simple arithmetical computations.
4. Many variables (such as changes in product prices 
or specifications).
5. Frequent use of logic.
6. Much sorting or reclassifying of data.
7. A large output of data.
8. A large amount of inactive reference information
(such as names, addresses, prices, or ledger balances).^"
^Carl G. Baumes, "Administration of Electronic Data 
Processing," Studies in Business Policy, No. 98 (New York: 
National Industrial Conference Board, Inc., 1961), p. 5.
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Large Volume of Transactions
Business data processing and record keeping are essen­
tially consolidations of many individual transactions. The 
volume of paper work and the large number of individual items 
of data provide two of the chief hazards to accurate docu­
ment preparation and record keeping. The more steps involved 
in processing this volume of data, the greater the chance of 
errors. Therefore equipment that can capture original data 
at its source, rather than after the information has under­
gone several manual operations, not only can effect substan­
tial clerical savings but can provide greater accuracy.
Some devices that make possible the capture of data at its 
source can be used with electronic equipment and heavy 
emphasis is placed on this type of equipment in discussing 
integrated data processing in later chapters.
Many Operations in Processing Data
Most business data processing and record keeping in­
volves a large number of operations. For example, an order 
from a customer normally travels through such departments as 
sales, credit, order entry, production control, stock room, 
shipping, billing, accounts receivable, and market analysis. 
Each department has occasion to create documents or to post
67
records as a result of the customer's order. Each document 
or posting, in turn, involves a series of individual opera­
tions .
Electronic computers are well suited for work that 
requires the processing and multiple posting of a single 
transaction to many different documents and records. How­
ever, it is significant to point out that the equipment will 
perform successfully only when the source data are accurate 
and the internal systems of the company are properly laid 
out.
Simple Computations
In contrast to computations involved in engineering 
and research applications, business data-processing computa­
tions are relatively simple. Many additions, some sub­
tractions, and simple extensions characterize business data 
processing. Thus, almost all data-processing equipment 
prior to the electronic computer resembled glorified adding 
machines. While electronic computers can add at very high 
speeds, they are considered very expensive when used princi­
pally for such a purpose. Their practicality depends on the 
utilization of other machine features that make possible, 
for example, rapid mathematical computations, simultaneous
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postings of multiple records, and integration of data pro­
cessing .
Many Changes in Business Information
One complicating factor that characterizes business 
data processing is that changes take place constantly in 
such business information as customer names and addresses, 
product prices, and employees and their pay rates. Most 
companies have found that the more highly mechanized their 
data-processing systems are, the harder it is to cope with 
frequent changes in basic data that slow up the whole system. 
As a company moves toward electronic data processing, special 
attention must be given to how these changes in basic data 
can be reduced or handled so as not to offset the advantages 
of faster equipment.
Use of Logic
The processing of business data requires numerous
logical decisions— which wage rate to use in a given instance,
which discount to apply to an order, which plant to place an
order against. On the basis of the prior instructions
(machine programming), modern computers can make these deci-
*
sions and process the data accordingly. They are able to 
store many variables and instructions for their use and can
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apply them to each transaction as required. This feature
has caused the electronic computer to be referred to as the
"giant brain" or "the machine that thinks," though actually
the thinking is all done when the instructions to the machine
are devised by the operators.
It is important to consider, however, that the time
and cost of creating and maintaining extensive machine
instructions must be weighed against the benefits accruing
. . 2from using the computer to make logical decisions.
Multiple Reclassification of Data
The required sorting or reclassifying of data is one 
of the common characteristics of business data processing 
and record keeping. Consequently, the sorting machine has 
always been an important unit in punched-card installations 
and has given tabulating equipment its primary advantage 
over conventional bookkeeping machines and manual methods.
It has also opened up new possibilities for securing business 
information that heretofore had been too costly and time con­
suming to obtain.
. Conway, J. Gibbons, and D. E. Watts, Business 
Experience with Electronic Computers (New York: Controllers
Institute Research Foundation, Inc., 1959), p. 52.
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Although electronic computers provide a new means of 
sorting or reclassifying information, this feature is not 
regarded as offering any particular advantage over conven­
tional equipment. However, the ability of electronic com­
puters to correlate information has in some instances 
reduced the need for sorting.
High Output of Data
Business data processing and record keeping usually 
involve a large output of data in such forms as payroll 
earnings statements, shipping documents, invoices, checks, 
and operating and statistical reports. The introduction of 
automatic printers linked to data-processing equipment has 
helped firms to deal with the volume of data, but it has 
also encouraged the preparation of many new and more detail­
ed reports.
New printing devices developed for use with electronic 
computer equipment have further increased the speed of print­
ing documents and reports. Also, the memory and storage 
features of electronic computers make it possible to elimi­
nate a great deal of the output of printed information. 
Another means of cutting the volume of output is to print 
only the exceptions to normal, on such records as inventory 
or sales.
Inactive Stored Information
A final characteristic of business data processing 
and record keeping is the large volume of inactive informa­
tion that has to be stored. Stored information is of two 
types; temporarily inactive and permanently inactive. Some 
examples of temporarily inactive stored information are 
names and addresses of customers, names and clock numbers 
of employees, open transactions in an accounts receivable 
ledger, and the information contained in a production and 
inventory control record.
Electronic computers, with their internal information 
storage facilities (memory), are capable of retaining a 
large amount of information until its use is again required. 
The size of the memory for most machines will range from 
10,000 characters (1,000 ten-digit words) to around 320,000
3
characters (32,000 ten-digit words). The memory feature is 
one of the marked advantages of electronic computers over 
conventional equipment. However, since the information 
storage capacities of various models and makes of equipment 
vary, experienced companies stress the importance of select­
ing the proper equipment when stored information is a major
3E. Wainright Martin, Jr., Electronic Data Process­
ing (Homewood, Illinois: Richard D. Irwin, Inc., 1961),
p. 88.
72
requirement. This feature is stressed in the case study 
presented in the second part of this work, applicable to 
accounting and automatic data-processing systems in the 
pipe line industry.
CONTRASTED TO OLDER METHODS
Centralization of Control Facilitated
Data processing naturally tends to become centralized 
in one location, because of the fact that a large computer 
is cheaper per operation than a smaller one (if it can be 
kept busy). This has a number of implications. It may be 
significant to the auditor that the data processing is being 
carried out at a location physically isolated from the 
organization of the information and the use of the results.
Mechanical equipment for automatic punching of data 
into cards or tape from telephone or telegraph networks has 
been developed to the point where linking of scattered 
offices and plants for data accumulation and dissemination 
purposes has become a reality in several multi-location 
businesses.^
^Several leading integrated data processing systems 
such as those of the Chesapeak and Ohio Railway, Aluminum 
Company of America, Sylvania Electric Products, Inc., and 
National Tube Division of United States Steel Corporation 
utilize this system of data accumulation and dissemination.
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The centralization of data processing seems to run 
counter to the current trend toward decentralization of 
authority in many large concerns, although it is possible 
that decentralization of authority is not incompatible with 
centralization of information. It is undoubtedly true that 
centralization of data processing puts all the eggs in one 
basket. If no duplicate files are kept, for instance, all 
of a company's accounting records might be located in one 
cabinet of magnetic tapes. A fire could cause complete loss 
of irreplaceable records. Actually, this is not as serious 
a problem as might appear at first glance; it is a great 
deal easier to duplicate magnetic tape files than files kept 
on paper.
Flexibility
Basically, a computer should allow significant flexi­
bility in business accounting because of its intrinsic power.
The good computer systems designer must anticipate 
trouble and plan ahead. One question which should be asked 
is whether the system will be able to handle business con­
ditions in the future. Perhaps an extra digit should be 
allowed for a part number code or room provided for a larger 
number of models in designing a table look-up preparatory to
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a large posting operation. It may be worthwhile to build 
an option into the system to process partial files. There­
fore in an emergency, the accountant from department X can 
get his journal entries on schedule even if department Y is 
late with data. It seems to the writer that this is one of 
the basic objectives which can mean success or failure to a 
large integrated system. The areas of file maintenance, 
exceptions, and error conditions are rich in opportunities 
to develop flexibility. The major consideration is that 
flexibility is no accident but is a philosophy of system 
design. It may be noted that computer procedures are in one 
sense easier to change than manual: there are fewer people
to retrain. Recent developments in automatic coding are also
5
making it easier than formerly to change computer programs.
Speed of Processing and Timeliness of Reports
It has been shown earlier that basic arithmetic and 
logical operations of a computer may be measured in micro­
seconds (millionths of a second). As an example of the 
speed of computers, consider profit and loss forecasting for
^Ned Chapin, An Introduction to Automatic Computers, 
(Princeton, N. J.: D. Van Nostrand Co., Inc., 1957). Pages
106 to 128 discuss approaches of automatic programming for 
data-processing applications.
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alternative product Irmixes.,r When manually prepared, these 
may take months each. The implications of each product mix 
are calculated in myriad detail to determine their effect on 
the operations of the business. A large computer, however, 
can produce a top level and detailed profit and loss state­
ment at the rate of one every 15 minutes. The executive
making a request in the morning may compare half a dozen
plans the same afternoon. Of course, several man-years may 
have been required to do the initial planning and program­
ming to make this possible .
Ingenious as the computer is, however, it is not a
cure-all: it is only a tool. A computer cannot think,
although it certainly comes amazingly close to it; conse­
quently, if you ask the machine a silly question, you will 
get a silly answer. But, from the standpoint of management, 
the computer can extend the skill, speed, and effectiveness 
of business planning to a degree never even remotely achieved 
before.
According to a recent American Management Association
report:
It is vital to keep in mind one extremely impor­
tant point: The question is not simply what the
computer will do better or faster; increased speed 
and the elimination of excessive paperwork are the 
quick payoffs against the substantial cost of
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computers and data-processing equipment. Par more 
important are the opportunities afforded by com­
puter to do things never possible before.®
It is now possible with the random access type of
machines to have records follow transactions with negligible
time lag, much as they are kept in a very small business.
In general, with computerized accounting, the goal of cur-
7rent rather than historical reports is approached.
To illustrate as an example, journal entries and a 
general ledger can readily be produced in a few hours or days 
after the end of an accounting period, rather than weeks 
after closing.
Feasibility of New Kinds of Reports
The profit and loss forecasting application previously 
mentioned illustrates the type of report which becomes 
feasible with electronic computers. These machines make 
possible much better managerial control and allow greater use 
of scientific methods of decision making.
®AMA Management Report No. 3, American Management 
Association, Inc. 1515 Broadway, New York, Albert Newgarden, 
editor, pp. 51-52.
7Daniel D. McCracken, PROGRAMMING BUSINESS COMPUTERS, 
Harold Weiss, and Tsai-Hwa Lee (New York: John Wiley & Sons,
1959), p. 397.
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IMPACT ON ACCOUNTING
In light of the advent of electronic data processing 
machines, there is a need to reappraise accountants and 
accounting practices. This discussion does not present a 
complete analysis of the changes brought about by computers 
but does endeavor to illustrate the need for a study of the 
changes necessary in accounting if it is to keep pace.
Shift in Purpose
The function of accounting as developed in the earlier 
chapters of this work, may be considered to have a two-fold 
purpose. First, the accountant must gather raw data and 
assemble it in the form of reports. Second, he must analyze 
and interpret these reports in order to answer questions con­
sidering business operations, and to assist management in 
making basic policy decisions. The preparation of standard 
reports has become a primary function of machines and this 
is, admittedly, a function which the machine can perform far 
more satisfactorily than can man. Although the accountant 
will continue to prepare special reports, he has been freed 
from many of the mundane but necessary duties formerly asso­
ciated with record keeping. He is now in a position to 
devote more of his time to the more critical task of
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analyzing and interpreting the reports which the machine 
prepares and to give top level accounting problems much more 
consideration than was possible in the pre-electronic era.
Shift in Scope
The nature of data processing forces the accountant 
to attain a new breadth of knowledge. An electronic data 
processing system encompasses a network of flow charts which 
reveals in minute detail the total operations of a business 
enterprise or of a governmental agency. In a given company, 
this network might consist of such applications as accounts 
receivable, accounts payable, stock and material control, 
payroll, and the preparation of general and subsidiary ledg­
ers. Sales analysis, statistical reports, and other pro­
jects could be expected to buttress this network.
In order to effect one small application for elec­
tronic data processing, the accountant must know something 
about the interaction of each division, each department, and 
each project involved. Otherwise, a company may entertain 
costly duplication of activities in one or more of its appli­
cations. In effect this means that the men who establish and 
maintain an electronic data-processing system should not 
limit themselves to a knowledge of only one area of the com­
pany's operations. It also means that management must
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review and analyze its entire operational procedure. In 
this way the system can be made to serve the best interests 
of the company.
Shift in Method
Electronic data-processing can be expected to have 
some impact both on the method of training accountants and 
on the methodology employed by accountants in studying the 
problems of business.
The methods of training accountants include classroom 
study and on-the-job training. The former consists of ex­
posure to basic accounting principles and the latter all too 
frequently involves specialization in one small area of 
accounting. Formal education can best meet the needs of the 
accountant in the electronic age by teaching him more than 
accounting principles, that is, by giving him an awareness 
of the broad concepts of business, by developing his ability
to think analytically and logically, and by training him to
8communicate his ideas and decisions effectively.
®For a thought-provoking appraisal of this matter the 
reader is referred to an article written by Dr. Kenneth G. 
Matheson, Dean, College of Business Administration, Drexel 
Institute of Technology, Philadelphia, Pennsylvania, The Im­
pact of the Computer on Curricula of Colleges of Business 
Administration, which appears in the May, 1961 issue of 
Collegiate News and Views, Vol. XIV, No. 4.
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Then there are the methods of systems analysis. 
Whether he is preparing to install a machine or is seeking 
means of improving an existing installation, the accountant 
should follow a carefully designed plan. A hastily con-- 
trived plan of action or a project established for the sake 
of expediency may appear to serve the immediate needs of the 
company but it may cause serious repercussions at a later 
date. For example, a stock and material control project has 
as its basic function the addition of stock or the deletion 
of stock from a master file. Information necessary for the 
stock and material control project will probably come from 
several different machine projects. Therefore, if there is 
a lack of foresight or if there is inadequate planning in 
projects allied with stock and material control, costly file 
maintenance trouble may appear.
As to the methology which an accountant should follow 
in pre-installation planning or in post-installation system 
analysis, the following basic rules have proved helpful in 
electronic data-processing system analyses:
1. Make sure that each problem area, or project 
has been defined in detail, including narrative and 
diagrammatic descriptions of the way that each job 
is to be accomplished.
2. Test all projects thoroughly to determine that 
the result is both reliable and valid.
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3. Reappraise the system frequently to determine 
whether changes in the system should be made in an 
effort to increase machine efficiency or to reduce 
operating expense or to satisfy some change in operat­
ing policy.
4. Finally, study each proposed change in the 
system carefully and completely, recognizing that 
any change in one part of the system may affect 
several applications.®
Shift in Attitude
Electronic data-processing must be faced with increas­
ed vitality, industry, and imagination. It will frequently 
be necessary for the accountant to travel a more or less 
uncharted course in seeking answers to the persistent prob­
lems of business and industry. Those who develop an under­
standing of electronic data processing soon become aware of 
the fact that the machines have almost unlimited possibili­
ties in the area of problem solving. Thus, if the accountant 
has vision and if he applies himself, he is empowered with 
tools which should allow him to make even greater contribu­
tions to the operating efficiency of the business and 
industry.
Electronic data processing machines are as flexible
^Frank Thomas, "The Impact of EDPM on Accounting," 
NAA Bulletin, XL, No. 4 (December, 1958), 27.
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or as inflexible as the imagination of man will allow. Thus 
it behooves management to play its part in the development 
of an attitude conducive to the growth of new ideas. 
Management has a responsibility to open up new avenues in 
which the accountant may apply his imagination, his ingenuity, 
and his creativeness. Thus might the full value of elec­
tronic data processing be realized.
AUDIT TECHNIQUES FOR ELECTRONIC SYSTEMS
The purpose of an audit under electronic data process­
ing are not basically different from what they have been 
under manual and other machine accounting methods. The test­
ing of transactions and the validating of reports are still 
the prime audit objective.
Major Adjustments in Audit Techniques
Certain adjustments in audit techniques must be made 
to accommodate the analyzing, recording, and filing of 
accounting data by electronic methods.
There must be a definite recognition by the auditor 
of the increased importance of input data. Whereas formerly 
it had been customary that data be subjected to human review 
from the beginning to the end of processing, under electronic
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methods there may be no human intervention from point of 
input to final report or decision made by the machine.
Also to be considered is the capacity and proper training of 
personnel handling and converting data for machine use. This 
capacity and training must be assured and operational con­
trols over the personnel must be effective.
Second, there must be special techniques to assure 
the accuracy of electronic data processing machine opera­
tions, including full consideration of the possibility of 
using the data processing machine itself, under specially 
developed programs, to audit the installation records, 
particularly the data which it processes.
Third, there must be a study of new filing methods in 
light of the need to assure that source information will be 
accessible in that it can be easily located and identified 
through proper labeling, and readily used for print-outs of 
the types of information needed in the course of an audit. 
Also the auditor must be assured that all information logi­
cally required in the course of the audit is preserved for 
a time through the last normal occasion for reference to it.
According to a recent article by Professor Shonting 
and Professor Stone:
Most present-day electronic data processing system
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installations at first, at least, take the current 
system, as it is then operating, and convert it 
directly to the computer operation. Where progress 
has not been made beyond this point, all the 
potentials of the computer are not being realized.
The electronic system with its fast input, large 
storage, and high-speed operation calls for a con­
solidation of functions, reorganization, and re­
valuation of techniques and the results obtained from 
these techniques. The business problem deals with 
multiple inputs, multiple classes, multiple computa­
tions, and multiple outputs. It is merely following 
the logic of the reason for installing electronic 
systems, in the light of their capabilities, to 
anticipate:
a. Extensive consolidation of files;
b. Simultaneous processing of many classes of 
information;
c. Elimination of numerous intermediate results 
(often audit check-points) in the direct production 
of final reports.
As these changes evolve, the auditor will need to 
be constantly alert to the dangers to his audit trail. 
He may have to revise his approach, or, in extreme 
cases, he may find it necessary to insist upon prepara­
tion of data two ways: conventionally for the files,
and in machine language for processing.
■^Daniel M. Shonting and Leo D. Stone, "Audit Tech­
niques for Electronic Systems," The Journal of Accountancy, 
gVX (October, 1958), 60-61.
CHAPTER XV
INTEGRATING DATA PROCESSING WITH ELECTRONIC EQUIPMENT
The word "data" is currently used as a synonym for 
the word "records." It may not be correct but common usage 
usually prevails. Data consists of both human and machine- 
sensible language used in the transaction of each facet of 
business. Accordingly, data can be written or printed 
figures or numbers, holes in cards or tape, magnetic spots 
on paper or plastic tapes as indicated in Chapter II. It 
has also been indicated that all business data must go 
through some phase of processing, i.e., accumulating, trans­
cribing, calculating, classifying, sorting, summarizing and 
so forth. If data are not processed in some manner, there 
are no needs for the data. Now, just what is integration? 
Used as a verb, the general definition is "to make into or 
become a whole; give the sum total of," according to the 
dictionary. The commonly accepted present-day definition, 
as applied to data processing, is this— to integrate can 
mean any combining which will contribute to a desired objec­
tive or ultimately, in its most pure form, "make into a
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whole." Therefore, integration can be in varying degrees.
It has long been recognized, that in theory, a grand
design is superior to a piecemeal one. The opportunity to
utilize a broader approach was given enormous impetus with 
the advent of common language machines (defined subsequently). 
A grand design utilizing these devices was the concept which 
led to the development of the term integrated data process­
ing .
«
INTEGRATED DATA PROCESSING
It should be emphasized at the outset that the con­
cept of integrated data processing, and its implementation
in actual business practice are not generally the same.
Although ideally integration of data processing functions 
on a company-wide basis is implied, IDP ideas are considered 
valid in application to problems cast within a more limited 
framework. In the remaining part of this study, analytical 
problems will be presented in which partial integration is 
the objective.
Major Elements of Integrated Data Processing
In complying with the desired objective as indicated 
by the definition of IDP indicated above, namely, "make into
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a whole," integrated data processing may be considered as a 
major system of data production in which a maximum of use­
ful information in usable form is created by a minimum of 
clerical routines, planned and coordinated in advance.'*'
Such coordination has as its purpose the elimination, 
in so far as possible, of all manual retranscriptions of 
data, and the minimization, in so far as possible, of re­
handling of data in transfers from one stage in processing 
to the next. Reduced to its major elements, the following 
four concepts are considered:
1. A major system of data production.
2. Planning and coordination in advance.
3. A maximum of useful data, in usable form.
4. A minimum of clerical routines, achieved by:
(a) Elimination of data retranscription.
(b) Reduction of rehandling of 'data in transfers
from one operation to the next.
The elements of IDP just presented are based upon the 
working of major data processing systems observed by the 
writer in business under optimum conditions. They are a
■^Oscar S. Nelson and Richard S. Woods, Accounting 
Systems and Data Processing (Cincinatti, Ohio: South-Western
Publishing Co., 1961), p. 141.
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compromise between the extreme or absolute integration, prob­
ably not observable anywhere, and the application of the 
principle of elimination of data retranscription, which is 
common place.
The Code Forms of IDP
In larger businesses, rehandlings of data are reduced 
in part by the use of equipment which processes data in code 
form. The most common code form utilized for business data 
handling is card code. Card code refers to the manner in 
which data is represented by holes punched in a card. Figure 
9 illustrates a punched card furnished for use with the 
equipment of International Business Machines Corporation.
Each vertical column can represent one digit, letter, or 
other symbol. The digit, letter, or other symbol is deter­
mined by the position at which a hole (or holes) are located 
in the vertical column.
The principal alternative machine code employed in 
business systems is known as channel code. Channel code is 
used with punched tape and magnetic tape, media created by 
and which will activate common language machines and auto­
matic computers. Like card code, channel code depends upon 
impressions (not necessarily holes) in columns. Its name
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IBM CARD
steins from the fact that the impressions are made in imagin­
ary or real channels which run the length of the tape. A 
section of punched paper tape, with channels identified, is 
illustrated in Figure 10. The columns are perpendicular to 
the channels. Each column represents one letter, digit, or 
symbol. This particular tape illustrated is compatible with 
the language of automatic computers.
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EIGHT-CHANNEL PUNCHED TAPE
Common Language Machine Systems
Although the term common language machines has his­
torically been limited to equipment that produces and reads 
punched tape, there are translation devices in common use 
that make possible interconnection of differing equipment. 
Cards, punched tape, and magnetic tape may all be converted 
from their basic codes to the codes of the several other 
media. The expression common language machines thus could 
encompass tabulating equipment and automatic computers. A
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common language machine is, therefore, any machine which 
will either produce or read five, six, seven, or eight- 
channel punched tape. Five and eight-channel tapes are the 
most common types used for data processing.
Common Language Equipment
Tape-to-card conversation units (and card-to-tape 
converters) are manufactured by the tabulating equipment 
producers, IBM, and Remington Rand Univac. The units are 
distinguished from other tape components in that they are 
specifically designed to integrate punched tape with tabu­
lating units. Other business machines have been adapted to 
punched tape. Most of the adding machine manufacturers, for 
example, now produce tape-creating adding machines.
The status of machines employing common language 
tapes is rather fluid. Some of the equipment described has 
been designed specifically for integrated systems. Other 
equipment is merely a modification of existing products of 
accounting machine manufacturers. The trend toward produc­
ing by-product tapes in connection with ordinary cash regis­
tering and accounting machine operation may be expected to 
continue, however. Much tape-punching equipment is essential­
ly modest in cost and well adapted to the operations of 
businesses of small size. On the other hand, it provides a
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method of creating input media suitable for automatic com­
puters.
The very existence of these types of tools encourages, 
in fact, requires a deeper penetration into the area of 
integrated data-processing. Actually, the concept of inte­
grated data-processing has been around now, for quite some 
time. There have been numerous applications of its princi­
ples, particularly in the shipping order, invoice and payroll 
fields. While such applications have been helpful and pro­
gressive, they have been hampered until recently by lack of 
the proper equipment to carry these principles to their 
fullest use. However, there are now equipment capabilities 
with calculation speed, storage and input-output flexibility 
that finally make possible the application of a complete 
total systems concept of data handling and processing. For 
example, a single writing of input data from a customer's 
order can accommodate all management data requirements 
triggered by that order. Included are sales volume levels, 
credit requirements, production planning and scheduling data, 
manufacturing needs, loading and shipping instructions, 
traffic routings, transit billings, purchasing information, 
accounting entries and management reporting at all
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levels.^
As indicated by the example just presented it can 
readily be seen that functional lines are crossed and re­
crossed as the order flows through the areas related to its 
fulfillment. Departmental walls are knocked down as feed­
back returns to various functions from the common trail.
Thus, a total system approach is considered, serving the re­
quirements of each function of the enterprise from a common 
source, rather than having each function or department 
largely developing its own records and reports independently.
THE SYSTEMS APPROACH
Basically, the systems approach consists of designing 
a data-processing system as an integrated system to satisfy 
the information needs of the entire organization. The com­
plex of data processing of a typical organization has grown 
haphazardly over the years in response to the needs and 
desires of hundreds of individuals and in response to the 
requirements of a multitude of emergencies and conditions 
which no longer exist. Managers typically institute
2
Arthur H. Smith, "Reporting to Management— New 
Frontiers for the 1960's," NAA Bulletin, XLI (April 8, 1960), 
59.
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recurring reports, but they seldom terminate them. Managers 
are promoted, fired, and die, but their pet reports often 
become eternal. Similar reports, used for different purposes, 
are often prepared in separate parts of the organization.
Files are created and maintained, but seldom referred to, 
while the information that is actually needed is not obtain­
able.
The above diatribe is intended to suggest that most 
data-processing systems were not designed— they just grew.
They are not systems except by accident. Thus, tremendous 
improvement can usually be obtained by actually designing a 
data-processing system to suit the needs of the organization. 
In the first place, it is usually possible to eliminate a 
substantial amount of effort and expense devoted to duplica­
tion of processing or to processing information that is not 
being used. But even more important is the potential improve­
ment in the efficiency of operation of the organization that 
may be obtained by providing the proper information for 
adequate management control.
A Prescription of the Company
Probably the best approach is to synthesize the busi­
ness, i.e., to develop a picture of data processing needed
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to conduct the business, rather than to analyze current 
procedures. Determine the bare minimum of data which are 
required to conduct business. This, necessarily, must lead 
to an extensive study of, or research into, the character­
istics of the business, essentially a modified "operations
3
research" study of the clerical procedures.
In developing a study from this point of view, it 
appears to the writer that first, it is necessary to develop 
the basic functions, which could possibly be set forth as 
follows:
Basic Business Functions 
(Not necessarily reflecting departmentalization)
1. Corporate and financial— general corporate 
management; obtaining and controlling cash and invest­
ments .
2. Procurement— obtaining material, and miscel­
laneous services and supplies.
3. Operating— manufacturing products, operating 
services required to manufacture products.
4. Marketing— advertising and sale of products; 
customer relations; market analysis.
5. Transportation— arrangements for and control
of inbound movement of raw and purchased materials and 
outbound movement of products.
■^ W. Gerald Cole, "What Is Your Company's Integrated 
Data Processing Potential," NAA Bulletin, XXXIX (May, 1958), 
25.
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6. Personnel— hiring personnel and personnel 
relations.
7. Engineering— construction and supervision of 
facilities for all purposes; product design.
8. Research— pure, product and related fields 
of research.
v
9. Accounting— general accounting and bookkeeping; 
services to other functions such as billing and 
receivables for products sold, payables for purchases, 
costs for operations; payrolls; taxes; governmental 
reports; etc.
10. General— furnishing office services, communica­
tions, records management, and general management 
staff functions.
The next step in a study of this type is to develop 
the major functions performed in each basic function. It 
is usually necessary to further refine each classification 
into minor or sub-functions. The following is a hypotheti­
cal illustration of what might be developed for a particular 
business applicable to the accounting functions:
Accounting Functions
Major Functions Minor Within Cost Function
1. Corporate bookkeeping. 1.
2. Invoicing or billing.
3. Receivables.
4. Payables.
5. Timekeeping.
6. Payrolls— preparation and
Cost accumulation for 
-operations 
-manu facturing
services 
-labor 
-etc.
control; Pensions; etc. 2.
7. Costing.
8. Auditing.
9. Property.
Cost distribution £or 
-operations 
-manufacturing
services
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10. Taxes— Federal, state, 
local.
-labor 
-etc.
11. Statistics.
12. Systems.
13. Governmental reporting.
14. Special analyses of
3. Compute and maintain
cost standards (as 
above)
costs, operations,
expense allocations, 
etc.
4. Costing inventories
5. Cost analyses— variances,
etc.
6. Recurring reports for
controls and statis­
tical purposes.
7. Non-recurring reporting.
After the detailed classifications are- determined, 
list the various documents within each class or sub-class 
which are absolutely required to conduct the business. Fur­
ther refine this by listing what data are required on each 
document to furnish the data necessary to properly conduct 
and control operations.
From this point, develop results which are required 
over and above the bare minimum. Examples of this are data 
required for federal, state, and municipal taxes, such as 
taxes based on income, payroll taxes, unemployment compensa­
tion, franchise taxes and other corporate levies, old age 
benefits and miscellaneous laws. Similar data would relate 
to pensions, group life and health programs, and so forth. 
Beyond this, develop additional data which would be helpful 
but which are not absolutely essential nor required.
When the synthesis is completed, the plot thickens £
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How can the various systems— those essential, required and 
helpful— be tied together or integrated? Here is where the 
ingenuity of the work group comes into play. What has been 
learned can now be applied.
Patterns of Information Flow
In order to better understand what is involved in 
the systems approach and to understand the difficulties 
which must be overcome in its use, the patterns of informa­
tion flow within an organization must be considered. How 
does information flow? Where does the basic information 
originate and how does it affect each of the reports and 
documents produced?
The first impulse is to look at the organization 
chart of the company involved. However, although an organi­
zation chart sometimes gives a picture of the lines of 
authority and responsibility of an organization, it almost 
never gives any indication of the basic information flow 
within the organization. Most of the information flow is 
across organizational lines rather than along them.
As a matter of fact, it is almost impossible to gen­
eralize concerning the detailed flow of information within 
organizations. The individual organization must be con­
sidered, and, in order to determine the flows of information,
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it is usually necessary to spend a considerable effort 
(usually involving several man-months or even man-years) 
actually following pieces of paper in their flow throughout 
the organization.1^
A simplified representation of some of the basic in­
formation flows within a manufacturing organization is pre­
sented in Figure 11.
Production
Planning
s
Sales Accounting Purchas­
ing
A  \ V ,
Vendors
Shipp­ <- Stock «------ Prod­ Receiv­
ing 4= <J= uction ing
Product Raw 
Materials
FIGURE 11
^The writer was a member of a system analysis work 
group in a large Oil Pipe Line Company and his experiences 
will be further expounded in the latter part of this study 
applicable to the case problem presented depicting the 
patterns of information flow.
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As can be seen from this diagram, the basic informa­
tion comes in from the customers in the form of orders.
When the orders reach the sales department, the information 
is transcribed into a document that is sent to the stock 
room for filling the order, from there to the shipping room 
where the material is packed, and from there a copy goes to 
the customer and back to the sales department to indicate 
that the order has actually been shipped. In addition, 
copies of this document go to the accounting department, and 
summarized information goes to the production-planning depart­
ment. The production-planning department utilizes this sales 
information to determine when to manufacture the various 
products and in what quantities. Then, it sends information 
to the production department in the form of production orders, 
and the production department notifies production planning 
when production has been completed and sends the product to 
the stock room along with a transmittal document, a copy of 
which goes back to production planning to inform them that 
the material is now in stock. Likewise, the production 
planning department sends information to the purchasing 
department, which writes orders to the vendors and sends 
copies of these orders to the receiving department so that 
when the materials are received they can be identified.
101
When the material arrives, the receiving department sends 
back a copy of this document to purchasing, which then noti­
fies production planning that the material has been received. 
In addition, of:course, production planning, production, and 
purchasing all send information into the accounting depart­
ment, and information flows back and forth between the
5organization and its customers and vendors.
Thus, it can be seen that there is a considerable 
volume of common information in the areas of production 
scheduling, production control, timekeeping, payroll, inven­
tory control, order writing, billings, accounts receivable, 
and accounting. Likewise there are many common aspects of 
product development, engineering specifications, parts re­
quirements, machine loading, material control, purchasing,
£
stores inventory accounting, and accounts payable.0
It can be readily seen that the integration of these 
various areas into an efficient data-processing system is a
5C. W. Churchman, R. L. Ackoff and E. L. Arnoff, 
Introduction to Operations Research (New York: John Wiley
& Sons, Inc., 1957). Chapter II presents an excellent 
analysis of information flows in a manufacturing organization.
^G. Kozmetsky and P. Kircher, Electronic Computers 
and Management Control (New York: McGraw-Hill Book Co.,
Inc., 1956). Chapter VIII includes a discussion of feedback 
and its importance in management control.
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difficult proposition, but the accomplishment of this inte­
gration not only can cut data-processing costs but also can 
provide the information necessary for proper control of the 
organization at the time when it is needed. Several aspects 
of this type of data processing utilizing the electronic 
computer are developed in the next chapters.
INTEGRATED DATA PROCESSING AND AUTOMATIC COMPUTERS
Perhaps the most promising developments in integrated 
data processing from the point of view of minimizing rehandl­
ing of data are in the world of automatic computers. Their 
virtue from the point of view of integration lies in the 
fact that they are completely automatic data-processing sys­
tems. The amount of manual data handling is at a minimum. 
This is made possible because the computer is a sorter, 
collator, calculator, tabulator, and so forth, all rolled up 
into one. The computer will accept data, and perform the 
full range of data processing functions leading to final out­
put without intermediate human intervention. Computers are 
automated. They are also as fully integrated as it is now 
possible for machines to be. Of course, no machine or 
series of machines is, in and of itself, an IDP system. In 
the electronic area as elsewhere, human planning is required,
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and the quality of human planning is subject to considerable 
variation. One system may be better integrated than another 
by reason of the personnel available to do the job. Never­
theless, it would be unreasonable not to emphasize the pos­
sibilities of automatic computers as an integrating device. 
The future of these machines for business data processing 
is very promising.
As an example of the scope of the data being process­
ed in a relatively large integrated system of an industrial 
concern recently studied by the writer, the following case 
is presented. The company includes sixteen major components 
and more than one hundred reporting units (line foreman and 
first line supervisors) each requiring specific reporting to 
maintain control at the workers' level. Accounting records 
are maintained for more than eight thousand individual shop 
orders and accounts. An average week requires the processing 
of more than four thousand labor vouchers and seven thousand 
other financial transactions. Shop workers are on hourly 
day-work. Professional and office employees are paid on the 
basis of weekly or monthly salary. All time is distributed 
weekly. Costs are maintained oh a job order cost system. 
Prior to setting up the integrated system, punched card 
equipment was used.
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Study Team1s Approach
The system developed in this case was the culmination
of nine months of intensive research, planning and program­
ming by a small task force of procedures specialists and 
computer programmers supplied both from within and without 
the company.
The study team developed ten basic concepts around 
which the system was developed for an IBM 702 large-scale 
electronic computer:
1. Shop order master file on magnetic tape.
2. Automatic payments to vendors.
3. Weekly shop order status reporting.
4. Weekly voucher comparison reports.
5. Mechanized sub-ledgers.
6. Automatic monthly billings.
7. Machanized overhead reports.
8. Early monthly closing.
9. Integrated multi-purpose registers.
10. Complete accountability at the foreman and line- 
supervisor level.
One other feature was considered by the study team 
but was not incorporated in the system. This was the 
maintenance of inventory and inventory control records by
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the computer. However, this particular company's inventory 
was relatively small and therefore was not incorporated as 
a part of the system. In the writer's opinion, it could 
easily have been included.
The Information "Fields"
The shop order master file on magnetic tape is the 
basis of the financial data-processing system. Inasmuch as 
central compact storage of complete financial data is the 
underlying principle of the integrated computer system, a 
basic understanding of the shop order master file is neces­
sary to an understanding of the complete system. This file 
contains over eight thousand individual records stored on a 
single reel of magnetic tape. It contains a record of each 
shop order, sub-ledger account and balance sheet control 
account in the company. The records are maintained on the 
tape in a sequence which permits weekly and monthly reports 
to be extracted as a finished product, with no sorting re­
quired. This is an important consideration in any tape- 
operated computer, since sorting is one of the least econo­
mical operations to perform on large machines of this type.
Each individual unit record in the system contains a 
number of fields. Each record contains the same fields and
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these fields are consistent in length and content, even 
though some of them may not be used for all types of records 
included in the system. These fields fall into two general 
type categories: indicative data and statistical data.
Information stored in the indicative data field includes 
such items as requisition number, shop order number, appro­
priation of cost estimate number, shop order title or 
description, and budget data. Also included in the indica­
tive fields are a number of codes which the computer will
interrogate when processing the records to determine which
overhead rate should be applied to direct labor from a table
of overhead rates stored in its memory. Statistical fields
include current-month accumulations of charges by classifi­
cation of charge. For example, material, various classifi­
cations of labor, overhead and billing liquidations are 
accumulated separately.
Year-to-date amounts and total-to-date are also 
accumulated by the same classification of charges. Unbilled 
balances by billing classification are also maintained for 
each shop order and account. As a result, all data required 
for general accounting, cost accounting and some elements of 
purchasing and orders-received accounting are included in 
the master file tapes. All registers, reports, billing and
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control totals are extracted from data summarized in the 
master tape on a weekly, monthly or annual basis.
Journal Entries Superseded by More Comprehensive 
Information
Monthly journal entries have been replaced by trans­
action records in the form of punched cards which are pre­
pared currently for all financial transactions. This has 
completely eliminated the journal entry system of accounting 
in this company, since it is no longer necessary to journal­
ize charges in order to post to the individual records. The 
computer posts all details affecting an individual record 
at the same time, instead of accumulating all charges of a 
particular type in journal entries for posting to the 
records affected. Transaction code numbers replace the 
former journal entry numbers but accomplish considerable 
more than journal entries did under manual or mechanical 
systems.
Figure 12 shows the manner in which transactions for 
a given week are converted to tape for processing by the 
computer.
It will be noticed that file maintenance type changes 
bear the lowest transaction number order. Since weekly 
transactions are put on tape in transaction number order,
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this means that any file maintenance changes, such as the . 
opening or closing of a shop order will enter the computer 
before- any changes occur in statistical data. For example, 
a shop order may be opened in a given week and charges made 
to it. In addition, the transaction code indicates to the 
computer the exact routine from a library of routines stored 
in the computer's memory, which should be selected for the 
processing of a transaction. The transaction code tells 
the computer what changes need be made in the shop order 
master file or updates the purchase order master file or 
specifies the reports into which the detail card must be 
incorporated or establishes any special accumulations which 
are to be accomplished for control purposes.
How Exceptions are Automatically Disclosed
At the end of each week, the transaction cards are 
converted to a weekly transaction tape which, along with the 
weekly labor distribution obtained as a by-product of a 
prior payroll run, is used to update the thousand records 
contained in the shop order master file and, at the same 
time, produce current weekly cost and control reports. This 
is illustrated by Figure 13. The exception principle is 
followed in determining which shop orders and accounts are
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to be reported in any week. If a manager, supervisor or 
foreman does not desire a report on a specific shop order, 
he so indicates and this shop order account is not reported 
to him until he asks that it be included in his report.
In the purchasing department, as each order is placed 
a by-product punched card is automatically produced. Infor­
mation in this card includes the shop order number, purchase 
order number, and dollar value of the order. These cards 
are converted to a purchase order master file on magnetic 
tape in purchase order number sequence. When a bill is 
received for payment, the purchase order number and the 
gross amount of the bill are converted to magnetic tape and 
fed into the computer along with the purchase order master 
file. The computer prepares checks and pay warrants cover­
ing all purchase orders for which material has been received 
and invoices are on hand. As the computer processes the pay­
ments to vendors, it automatically calculates the net amount 
of the bill and the amount of the discount. Payment will 
not be made unless a purchase order is available in the 
purchase, order master file. This establishes a check 
against duplicate payments. In addition, if the net amount 
of the invoice exceeds the amount of the order, an automatic 
message is typed out on the typewriter on the computer
console to indicate this fact.
As output from the weekly computer run, a shop order 
status report is prepared by the computer indicating the 
charges incurred during the week by classification of the 
charge, total-to-date expenditures and, on any account with 
a budget or authorized amount, the unexpended balance is 
printed. A weekly report is prepared for each of the more 
than one hundred units on the foreman and line supervision 
level.
Each week the computer automatically provides a 
voucher comparison report for both weekly and monthly paid 
employees as direct output from the payroll run. These re­
ports show any excess or shortage of vouchers for each 
employee, both weekly and monthly, based on clock card hours 
or an assumed forty hours if no clock card has been submitted 
for the week. Vouchers are not required for any employee 
whose time is normally charged to a standard overhead order, 
since the computer automatically distributes this time to 
the standard expense account in the employee master file.
Advantages Realized
One of the major advantages of this integrated system 
as visualized by the writer has been the early closing of 
the company's books. Within a two-day period following the
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close of a particular month, the books are completely closed 
by a special run on the computer. This is illustrated by 
Figure 14. This run prepares a trial balance, a general 
ledger, overhead reports and an orders received report by 
each component of the company. All charges, including 
labor incurred in the last week of the month, are on an 
actual basis and are not accrued. Therefore, the trial 
balances and sub-ledgers include all of the charges distrib­
uted to several thousand shop orders. Under this system, 
if desired, the books can be completely closed weekly. In 
fact, during the conversion month, a weekly trial balance 
was actually prepared by the computer to localize any pos­
sible errors made as a result of unfamiliarity with the new 
system.
A monthly sub-ledger register is produced from mag­
netic tape, which includes all of the sub-ledgers supporting 
general ledger accounts. These include plant equipment, 
engineering orders, raw material and in process inventory,— 
overhead, plus several that are special for th-j company.
This register eliminates the need for any jeanual posting
S'
formerly required.
During the monthly closing runV all charges incurred 
against orders which may be billed during tTne current month
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are automatically billed out. Invoices are automatically 
prepared by the computer, including appropriate classifica­
tion of charges for statistical purposes.
During the closing run, an overhead report is auto­
matically prepared for each department in the company. These 
reports show expenditures against each overhead account on 
•a current month and year-to-date basis. In addition to 
expenditures, the overhead report also contains budget analy­
sis. The computer calculates the variable budget based upon 
adjusted applied labor for the month. Performance against 
the calculated budget is shown as a percentage. Audit 
symbols appear opposite the overhead account when expendi­
tures exceed the calculated variable budget amount.
At the time of this writing, the financial data-proces- 
sing system depicted has fulfilled all of the basic objectives 
set for it and is running successfully on the computer. It 
has permitted much earlier closing of the company's books, 
more current billing, much earlier reporting to management, 
and thus, appreciably better management control through 
financial operation. It has also resulted in appreciable 
saving in clerical and machine accounting costs.
CHAPTER V
PLANNING AND PROGRAMMING A COMPUTER PROCESSING SYSTEM
In the preceding chapters, the role of accounting 
data in management and the fundamentals of electronic data 
processing are discussed at some length. The processing, 
the classification, the controlling and reporting of account­
ing data utilizing electronic data-processing equipment are 
covered. In short, a brief, critical presentation of the 
entire data-processing problem of industry and the signifi­
cant characteristics of computerized accounting are pre­
sented. In this chapter and the one following, the role of 
the accountant in reviewing, analyzing, and servicing the 
various segments of the accounting systems of industry 
applicable to planning and programming computer applications 
is considered.
Previous discussions have made it clear that setting 
up an effective automatic data-processing system is a com­
plex and lengthy job. A detailed and carefully organized 
plan for examining and weighing both facts and opinions is
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necessary. Many policy and operating decisions that involve 
large amounts of money must be made, for long-run committ­
ments are involved.
The steps necessary in any important system change 
involving the application and utilization of a computer may 
be considered as the feasibility study, the systems study 
and the basic programming required applicable to the equip­
ment selected.
FEASIBILITY STUDY
The feasibility study involves analysis of the data- 
processing requirements of an organization and the equipment 
that is available to determine whether the new equipment and 
related system for the data processing appear to be more 
efficient than the system in use.
The feasibility study is important to the success of 
a prospective system, for initial decisions affect all 
future actions. The study is an extremely important step in 
a time-consuming and complicated process.'*'
1John S. Cole, "Electronics for Management: Automatic
Data Processing at a Class I Installation," The Armed Force 
Comptroller, III (June, 1958), 1-8. This article describes 
the feasibility and engineering study done at Fort Jackson 
and Fort Mead. The novel feature of the study was the
Obtaining Management. Support
One of the most vital preliminary steps for the 
people who are planning a feasibility study, as in the case 
of any significant undertaking, is to obtain management 
support and establish good employee relations. Top manage­
ment support is vital because of long periods of time in­
volved in the fact gathering and detailed systems analysis 
that follow. Support is also required to bring about the 
organizational and procedural adjustments necessary to 
improve the system.
Preliminary Study Group
The first step in starting a feasibility study should 
be to determine the objectives of the study; then the people 
necessary for the premilinary study group can be assigned. 
One person should be given primary responsibility to keep 
the study going, while others may serve on a part-time or 
full-time basis. One or more members of the feasibility
development of a "grid chart" to show the relationship of 
origin and destination for source documents, basic records, 
intermediate records, and final reports. The volumes of 
documents at each point in the sequence of flow are useful 
for measuring workloads. The fact was recognized that end- 
product reports, determine data-processing requirements. 
Contents of reports were traced back step-by-step to original 
data input.
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study group should become familiar with operations and gain 
an understanding c f the major problems faced by each section. 
If practical, at least one member should have gained several 
years' experience at the location being studied.
The preliminary investigation in a feasibility study 
should be completed within a few months. The study group 
should determine the following:
1. Requirements for data processing and informa­
tion- now and in the near future.
2. Available equipment and methods.
3. Estimated costs in personnel, time, and money 
to complete the feasibility study.
4. Estimates of costs and benefits for a complete 
study and installation— supported, if possible, by 
the experience of other organizations.
The objective and scope of the feasibility study
should be defined in writing in the form of a charter.
Careful definition is important because of the fact that the
study will cut across organizational lines as well as require
authority for suggesting possible changes in procedures,
forms, reports, or organization.
Organization of Study
Organizing to make the study involves decisions about 
the composition, ability, and education of the working group, 
and whether to use consultants.
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The conduct of the feasibility study requires full­
time effort by those individuals -selected to carry it out.
It is preferable to select carefully the individuals who 
will logically be assigned to later applications studies. 
Electric accounting machine specialists are useful to the 
effort.
The chairman of such a group should be extremely well 
qualified on a broad scale, in the functions and operations 
of the entire organization. Working members should be in 
the supervisory or executive category. Management engineers 
or analysts, as well as people experienced in various func­
tional fields, are excellent.
Framework of Operations
The author is drawing on past experience in depicting 
the procedures that proved effective for one actual feasi­
bility study. Such procedures are intended as a guide only 
and would of course require adaptation to a particular 
situation. The logical initial step is to determine the 
frame of reference for the operating activities.
Legal limitations, policy directives, and managerial 
restrictions have an important bearing on the frame of 
reference, and these should be examined to determine the
I
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organization's goals. Examination is important for several 
reasons: it promotes early recognition of important prob­
lems, it encourages considering the system in the light of 
its limitations, and it provides criteria for checking the 
area studied.
The second step is to define the organizational area
being studied to serve as a frame of reference for the data-
2processing system. The organization should be charted m  
detail.
THE DETAILED SYSTEMS STUDY
After developing the over-all picture of an organiza­
tion's data processing requirement, the feasibility study 
team should select areas in which the largest benefits would 
seem to result from using new techniques and procedures. 
These areas are then studied in detail to determine the 
merits of using automatic data-processing methods. The 
ideal approach is to study the largest possible area at one 
time, so that problems can be handled no matter where they
2Ned Chapin, An Introduction to Automatic Computers 
(Princeton, N. J.: D. Van Nostrand Co., Inc., 1957), pp.
106-28. This article discusses approaches to the process 
of defining the data-processing problem.
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are located; functions can be integrated to work smoothly 
without duplication of effort.
Many functions operate jointly with other functions
and receive data from or send data to them. If all are
studied together, consideration can be given to their common 
problems as well as to individual ones. This is the systems 
approach as previously described in Chapter IV, which is to 
examine the whole operation rather than its parts.
Fact Finding
It is in this orientation phase of the work that the 
analysts obtain as much information as possible, from both 
internal and external sources, about the existing operation. 
Questions to ask at this point are:
1. What does the system do?
2. How does this fit into the operations of the over­
all organization?
3. How well does it fulfill its intended mission?
Fact finding can start by having the supervisor of
each major organizational element describe the data-process­
ing or paper-work activities that take place in his area.
The supervisor should collect all the working documents, in­
cluding local forms, used in his activity.
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Collected documents can be catalogued in two major 
classifications. They are (1) source documents on which 
transactions are originally recorded, and (2) end-products 
resulting from processing these source documents.
Flow Charting
The next step analyzes the routines to be converted.
A step-by-step analysis of operations will naturally suggest 
alternatives. The possibility of eliminating basic and 
intermediate records is considered because an electronic 
processor requires fewer intermediate records than a manual 
or mechanical system. Such records have a doubtful future 
value and should be examined critically. An analysis may 
show that data no longer needed are still being compiled or, 
conversely, that vital facts are not available. This point 
was stressed in Chapter IV.
Useful aids for analysis are flow charts, data on 
work loads, time schedules, and manuals or memoranda of pro­
cedures. The objective is to get a "blow-by-blow" descrip­
tion of what happens.
Improving the Results of the System
After an understanding and a representation of the 
existing data-processing system have been obtained, the next
124
step in the process of systems analysis and design is to 
determine the output results that should be produced by an 
improved system.
In any problem-solving procedure, it is desirable 
first to specify the objective. As was indicated in Chapter 
I, one of the objectives of data processing is to provide a 
basis for adequate management control of the organization. 
Thus, the concept of the feedback-control loop provides a 
valuable frame of reference within which to consider the 
output results which a data-processing system should pro­
vide.
It is necessary to determine what information is 
required from the system in the form of reports; what is 
required from this portion of the system to integrate it 
into the over-all data-processing system; where the input 
information arises; what exceptions can arise and under what 
circumstances; how many transactions and exceptions of each 
type are involved; how each transaction and exception should 
be handled; what files are involved and what information is 
involved in them; whether results are required on schedule 
or on demand; and so forth.
Devise Procedure
The second step in the process is that of devising a 
procedure for converting the input information into the 
results that are required. A procedure usually is expressed,, 
in the form of a detailed flow chart showing where the 
information enters the system, any manual steps that are in­
volved, the files that are maintained, the various machine 
runs required, and the output reports that are produced. A 
procedure is similar to a block diagram for a program, except 
that each block represents an entire machine program, and' 
the procedure integrates these programs together with auxil­
iary machine processing and manual data-processing steps'to 
produce the required results. It may be somewhat surprising 
to discover that, despite the speed of the computer and the 
power of the stored program, it is usually necessary to 
break a date-processing problem down into several machine 
runs. Not only does the size of the machine memory restrict 
the size of the program that can be accommodated, but also 
the fact that files may be maintained in different sequences, 
and that a variety of different outputs are required may 
combine to make it necessary to split the processing into a 
number of different machine runs.
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Block Diagrams
For each machine run in any procedure involving a
stored-program machine, diagrams must be constructed from
3
which the machine program can be written. These block dia­
grams are usually constructed in several stages, starting 
with a general over-all block diagram which expresses the 
major logic of the program. An over-all block diagram for 
the computer run applicable to a payroll illustration is pre­
sented in Figure 15. Although the amount of detail which 
should be included in this type of block diagram will vary 
from one individual to another and from one situation to 
another, the over-all block diagram should be simple enough 
to be expressed on a piece of paper of reasonable size, and 
yet it should adequately exhibit the relationships between 
the various types of input and output and the general pro­
cessing steps involved in the machine run.
Since a block in the over-all block diagram may 
represent several hundred machine instructions, a further 
breakdown and a more detailed block diagram may be prepared 
for each of these blocks.
^D. D. McCracken, H. Weiss and T. Lee, Programming 
Business Computers (New York: John Wiley & Sons, Inc., 1959).
Chapter III discusses flow charting and various types of 
block diagrams and their use.
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PROGRAMMING
Roughly speaking, programming refers to the process 
of breaking the problem down into a sequence of steps which 
the machine can follow and then expressing these steps in 
terms of the specific instructions which the machine can per­
form. To understand what is involved in programming, it is 
necessary first to understand the basic operations that the 
machine can perform. This was discussed in Chapter III.
Coding
The process of converting a detailed block diagram 
into the machine instructions which are stored in memory is 
called coding. To perform this function, it is necessary 
to specify the precise locations and form in which the input 
information and output results will appear in memory, for 
the memory locations for the various fields of information 
must be known in order to address them when they are requir­
ed in the program. This is illustrated in Figure 16. Like­
wise, the memory of the machine must be allocated among the 
various functions which it must perform, including input 
and output areas, reference tables, working storage, and the 
program itself. For a typical payroll illustration, the 
memory allocation is shown in Figure 17.
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Once the detailed block diagram has been written, 
the input and output format specified, and the memory allo­
cated, it should be a relatively straight-forward process 
to prepare a program for the machine. This is not intended 
to imply that the coding process requires no creativity or 
that its proper completion is a trivial matter, but, if the 
preceding steps have been properly completed, the coding 
process should require a relatively small percentage of the 
total time involved. Moreover, the processes of coding and 
block diagraming are intimately related, for the detailed 
block diagram must represent a program that can be effi­
ciently expressed in the language of the machine. Thus the 
process of preparing an efficient, detailed block diagram 
involves a certain amount of mental coding of the program.
Automatic Programming
Not only is coding a relatively minor part of the 
over-all process of preparing the program, but considerable 
effort may be eliminated by using the computer itself to 
perform some of the clerical work involved in coding, or 
even to translate from a language similar to that used in 
the detailed block diagram to the language utilized by the 
machine itself. Use of the computer to assist in coding is
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known as automatic programming-. and a great deal of effort
has been and is being devoted to the development of auto-
4matic programming techniques. Automatic programming has 
become so widely accepted that it is unusual to code a 
problem in pure basic machine language.
The simplest and perhaps the most useful automatic 
programming involves a one-to-one translation between the 
instructions written by the programmer and those executed 
in the machine program. This is usually known as regional 
or symbolic programming, and the pseudo instructions written 
by the programmer are entered as data into the computer 
which utilizes a special program (called an assembly pro­
gram) to translate from each pseudo instruction into a single 
machine instruction. This translation usually involves the 
substitution of machine operation codes for operation abbre­
viations, the assignment of actual machine addresses for 
"names” of data or instructions, as well as (in binary 
machines) the translation from decimal to binary notation.
A symbolic assembly-programming system (known as
^Grace M. Hopper, "Automatic Programming for Business 
Applications," Computers and Automation, VII, No. 2 (Febru­
ary, 1958), 14-16. A discussion of automatic programming for 
data-processing applications.
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SOAP) is widely used for programming the IBM 650.^ SOAP 
allows the use of operation symbols (such as RAL for the 
operation Reset Add to Lower) and also permits the use of 
alphabetic symbols to represent addresses for both data and 
instructions. Also, addresses which refer to the location 
of the next instruction in the program may simply be left 
blank, so that most of the instruction addresses need not 
be written on the programming form. Not only does the SOAP 
program substitute actual machine addresses for the symbolic 
addresses written by the programmer, but the first time the 
symbol appears in the program, the most optimum address 
available is substituted. Thus, the machine program written 
by the use of SOAP is semioptimized so that the program will 
operate at a relatively high speed.
Library Subroutines
The early users of computers quickly noticed that 
certain sequences of program steps recurred so often that it
5M. H. Wrubel, A Primer of Programming for Digital 
Computers (New York: McGraw-Hill Book Co., Inc., 1959).
This discusses several automatic programming techniques com­
monly used with the 650 for scientific and engineering cal­
culation, including subroutines, SOAP, the Bell Laboratories 
Interpretive System, and the Fortransit compiler. It also 
discusses debugging.
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appeared wasteful to write them over and over again. Thus, 
one of the early automatic programming techniques involves 
writing portions of programs that occur repeatedly in a 
form in which they may be incorporated into any program in 
which that sequence of steps may be required. These "build­
ing blocks," known as subroutines, have been of great value 
in the area of scientific computing, for the same mathemati­
cal operations frequently reappear within the same program 
or in different programs.
Interpretive Routines
The next major step in automatic programming has 
involved writing of pseudo instructions that could be ana­
lyzed by a supervisory program to call in the proper sub­
routine and provide it with the required information. Thus, 
since a single pseudo instruction written by the programmer 
results in the execution of many machine instructions, pro­
gramming effort is considerably reduced. In an interpretive 
system, the pseudo instructions are analyzed each time they 
are executed, the proper subroutine is executed, then the 
next pseudo instruction is analyzed, and the process is 
repeated. Thus, not only must the subroutines be in memory 
at all times, but also the program that performs the ana­
lysis must be located in the memory of the machine, and the
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steps necessary to analyze the pseudo code must he performed 
each time the program is executed.
Compilers
A compiler is similar to an interpretive system in 
that it produces many machine instructions from a single 
pseudo instruction.® However, in a compiler, the translation 
from the pseudo language to the machine instructions is per­
formed in a special machine run before the actual use of the 
program is attempted. Thus, the compilation of a program of 
this type is similar to the assembly of a symbolic program, 
and, in fact, the two are frequently combined into program­
ming systems that involve both assembly and compiling. The 
output of this machine run is, then, a machine language 
program which may be utilized just as any other machine 
language program.
Compilers have many advantages over interpretive 
systems. In the first place, the compiler itself does not 
have to be in the machine memory while the program is being 
executed, so the program being run can utilize the entire
6Fact— A New Business Language (Wellesley Hill 81, 
Massachusetts: Minneapolis-Honeywell, Datamatic Division,
1960). A manual describing a data-processing compiler 
language.
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machine memory. Furthermore, the instructions are only 
translated once in a compiling system as" opposed to being 
translated each time they are executed in an interpretive 
system.
However, the most important advantage of compilers 
as opposed to interpreters is that, since the entire capa­
bility of the machine can be concentrated upon the process 
of translation from the pseudo code to the machine language, 
and since this translation is done but once, the pseudo 
code in which the programmer writes need not be as closely 
tied to the structure of the machine as is necessary in the 
interpretive systems. In other words, the translation 
process can be much more complex, so that the language 
utilized by the programmer can be a closer approximation of 
the language in which he normally expresses himself.
Thus, it is claimed that the programmer need know 
nothing about the actual machine language itself, for the 
coding step as a manual operation is entirely eliminated 
when the sophisticated compiling systems are utilized. As 
a matter of fact, one of the major advantages of these 
systems may be that they are relatively independent of the 
particular machine that is to be used to run the program.
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D e b u g g i n g
After the program has been written, errors must be 
eliminated before the machine procedure can be used on a 
routine basis. Checking out, or debugging, is the process 
of ascertaining that the program accomplishes the results 
for which it was intended. It is important to realize that 
the process of debugging must begin when the program is 
originally planned and must be continued as the program is 
written, for a program that is well planned and carefully 
written will contain few errors of commission or omission as 
compared with one that is poorly planned and sloppily 
written.
The following discussion outlines some of the tech­
niques that have been developed for debugging. In the first 
place, the program should be well documented, and the block 
diagram should be complete and legible. The program must be 
legible, and it should be keyed into the block diagram so 
that the program steps can be associated with the block to 
which they contribute. Also, the program should be accom­
panied by brief remarks explaining what the instructions are 
intended to accomplish.
After the program has been key-punched into cards, 
verified, and listed on the accounting machine, the cards
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should be sorted by instruction location, operation code, 
and data address, and liS' 'f the program should be made 
in each of these orders. These lists are useful in elimi­
nating clerical errors before they ever reach the machine. 
These lists are practically indispensable for reference 
purposes when errors are detected during the check-out pro­
cedure itself.
To know whether or not the program is producing the 
results desired, it is necessary to test it with input data. 
Usually these input data are of a hypothetical nature, 
designed to test the various branches of the program with 
as little machine time as possible. The correct answers 
for these input data must also be available at the time of 
testing. In addition, it is quite helpful if at least one 
case can be carried completely through on the programming 
chart itself, showing the intermediate results in the 
machine registers. Not only must suitable input data and 
precalculated results be available, but the input data must 
be in the input form so that they can actually be read into 
the machine and processed by the program.
It should be noted that the use of automatic program­
ming techniques both increase and decrease the problems of 
debugging. In one sense, debugging is more difficult, for
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the machine language program is almost meaningless to the 
programmer. On the other hand, fewer clerical errors are 
involved, since the machine is performing most of the cleri­
cal tasks. Special provisions are frequently provided 
within the automatic programming system itself to aid in 
the debugging process.
CONVERSION
After the program is thought to be free of error, 
the final step in the process is that of converting the 
application to the use of the electronic computer. This 
process is far from trivial, for it frequently involves 
significant changes in the way information (both input and 
output) is. handled by people outside the data-processing 
portion of the organization. The mechanized system must 
always be integrated into an organization composed of people, 
and not only is it difficult to foresee all of the conse­
quences involved in the changes that are necessary, but it 
is also imperative that we understand that the success of 
the use of the computer may depend upon the human factors 
outside of the mechanized procedures.
Parallel Operations
To gain confidence in the machine program and proce­
dures involved, as well as to allow the people of the 
organization gradually to adjust to the changes, it is 
customary to convert an application to computer processing 
before abandoning the previous processing method. Thus, 
there is a period of parallel operations during which bugs 
in the mechanized procedures and difficulties of adapting 
people to the new procedures can be eliminated. Parallel 
operation usually requires a minimum of two or three process­
ing cycles, and in situations in which major difficulties 
arise the period of parallel operations may extend over a 
period of several weeks or months.
COST ESTIMATION
In a review of many major companies it has been found 
that many difficulties have been encountered in estimating 
the savings or costs associated with acquiring a computer or 
placing an application on a machine that is already avail­
able. Machine running-time estimates must be made on the 
basis of original definitions of the problem area, and the 
first approximation to a procedure, block diagram, and 
machine program. Frequently, these estimates are excellent,
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but it is not uncommon for them to be quite misleading, for 
as a more adequate understanding of the problem area is 
developed, the machine time involved may expand by several 
hundred per cent. This is not to imply that accurate esti­
mates can never be made, or that it is undesirable to 
attempt to make estimates. It is simply a recognition that 
at an early stage in the process it is possible for esti­
mates of machine time to be significantly in error, usually 
on the low side.
The cost of the systems analysis and programming it­
self is also extremely important and difficult to estimate. 
Several man-years of work may be involved, and it is diffi­
cult to control these costs because exerting pressure to 
assure that the individual steps are completed expeditiously 
may only postpone the recognition and correction of basic 
difficulties until the latter stages of the process, at 
which time more work must be repeated.
CONTROL OF ACCURACY
A major problem in the design of mechanized data- 
processing systems is that of control of accuracy. As com­
pared with humans, machines are exceptionally accurate. 
However, this does not imply that machine errors do not
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occur, for errors are made by the best machines. Moreover, 
any errors that exist in the input information will cause 
erroneous results.
Three aspects of control of accuracy must be consider- 
ed in the design of procedures.7 In the first place, checks 
must be included which reduce the probability of an undetect­
ed error producing erroneous results. Second, once an error 
has been detected, the cost of its correction is influenced 
by the design of the system. The previous two points are 
concerned with accidental errors. There is also the possi­
bility of purposeful errors introduced to perpetrate fraud,
so the system should be designed so as to discourage fraud
by increasing the probability that it will be detected.
Considerations associated with the control of accuracy
are involved in each step of the over-all process of con­
verting to mechanized data processing. At the problem 
definition stage, for example, the accuracy required of the 
system must be determined. Procedures must include provision 
for insuring the accuracy of input information and for the
^The Auditor Encounters Electronic Data Processing. 
Prepared by Price Waterhouse & Co., and published as Form 
Number 32-7489 by International Business Machines Corp., 
New York.
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establishment of controls by means of which the accuracy of 
processing can be checked. Block diagrams and programs must 
not only produce the desired results but must also include 
provisions for the detection of errors.
Debugging is an important consideration in the con­
trol of accuracy, for the objective of debugging is to 
eliminate errors in the program itself, and erroneous pro­
grams produce inaccurate results.
Auditors are also concerned with determining the 
accuracy of data-processing results, as previously indicated 
in Chapter III. It is important that the procedures be 
designed so as to include provisions for an adequate audit 
trail.
SUMMARY
To convert an area from manual processing to electron­
ic data-processing, it is necessary to obtain an understand­
ing of the data-processing problem and to express this 
understanding in the form of procedures and machine programs. 
There are several steps involved in this process, including 
defining the problem, devising procedures and block diagrams, 
writing and debugging the programs, and finally parallel 
operation and conversion. Each of these steps presents its
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own particular problems, but the major difficulty is associ­
ated with the fact that the over-all process is not straight­
forward, but loops back upon itself as misunderstandings 
come to light.
In the first step of this process, problem definition, 
it is necessary to decide upon the results to be obtained.
But it is illogical to specify the results to be produced by 
a data-processing system without regard to the cost of obtain­
ing them, and costs are related to the procedures used, the 
equipment available, the form in which the results are pre­
sented, and the type of information obtained. Ihus, it is 
important that management, who in the final analysis must 
specify the results required, be aware of the necessity for 
adapting results to the requirements of technology and co­
operate with and ecnourage efforts to design effective 
systems, taking into account both the cost and the value of 
information. It is equally important that management realis­
tically plan for the time and costs involved in the prepara­
tion necessary to produce programs and convert to electronic 
data processing.
CHAPTER VI
PRODUCTION AND MANUFACTURING CONTROL THROUGH 
A COMPUTER SYSTEM
Under conditions existing in many areas of manufac­
turing and production there are certain goals which must be 
achieved if a particular firm is to compete successfully in 
its major field of endeavor. These goals may be considered 
as follows:
1. Optimum inventory levels, balanced between the 
need for short-time production and risk of obsolescence.
2. Minimum delay in reacting to changes in the
sales forecast for future scheduled requirements.
3. Minimum delay in reacting to actual sales re­
quirements .
4. An economically procured inventory to help 
maintain a competitive position.
5. Accurate data suitable for cost department
analysis and control.
Based upon the above-stated goals, production control 
may thus be considered as a manner of controlling the quantity 
of output of different products at specific points in time.
In essence, there are four phases; namely (1) planning,
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(2) scheduling, (3) dispatching, and (4) follow-up. Planr- 
ning refers to the determination of what shall be produced, 
where it shall be produced, and how. This function also 
includes the organization of the paper work used to effect 
the dispatching and follow-up of orders. Scheduling refers 
to the determination of when work will be performed, includ­
ing the assignment of priorities to various jobs. Dispatch­
ing is the function of assigning work to various machines 
and departments at times called for in the schedule. It 
includes not only the issuance of instructions to commence 
production but also the authorization of movement of semi­
finished work from one machine or department to another. 
Follow-up, as the name implies, refers to shepherding work 
through the various departments and assuring that schedules 
are adhered to as nearly as possible. All of these produc­
tion control phases are integrated through a system of
0
paperwork, which should have as its objective the most eco­
nomical employment of raw materials, machines, and labor 
force consistent with adequate service to customers and opti­
mum finished goods inventory levels.
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RELATIONSHIP BETWEEN PRODUCTION CONTROL 
AND COST ACCOUNTING SYSTEMS
A well-organized production control system will pro­
duce data suitable for cost department analysis and control 
as a regularized by-product. Among the documents used for 
production control, the job or labor card and the bill of 
materials, or materials requisitions, are of particular 
importance. In certain systems, the job card may be used 
not only for dispatching but also for accumulating labor 
cost information for the cost system. Since the job card 
indicates labor hours, it may also provide to the cost ac­
countant the basic information for applied overhead cost. 
This will be the case if either direct labor cost, or direct 
labor hours is the basis for applying overhead to jobs.
The use of the bill of materials and materials requi­
sitions in cost accounting plays an important role in any 
good manufacturing control system. After performing the 
function of authorizing materials issuance, the requisition, 
or a copy thereof, may be forwarded to the inventory section 
for pricing, and then to the cost section for posting to 
work in process. As has previously been indicated, a care­
fully designed system will always maximize the integration 
of functions.
148
PRODUCTION CONTROL PROCEDURES
In many industries, some manufacturing is done on a 
repetitive basis, with assemblies being on a job order basis. 
In .an operation of this type it is the primary duty of the 
Material Control System to requisition and carry the minimum 
inventory of all production materials necessary to support 
a factory production schedule. However, it must be empha­
sized that this is an extremely difficult problem to develop 
a system which will achieve these ends when confronted by 
the goals established in the early part of this chapter.
In a highly competitive operation as is now being 
experienced by today's manufacturing concerns, not only must 
the material control system accomplish the aims outlined, 
but also there is a need for a system that will provide as 
a by-product of interpreting the sales forecast, a means 
for properly scheduling the assembly and fabrication areas 
in addition to providing minimum inventories. All of this 
is to be accomplished within the shortest time cycle from 
the change in the sales forecast to the change in procure­
ment action.
Machine Loading and Scheduling Arrangement
For an interesting machine loading and scheduling
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arrangement for parts control applicable to a manufacturing 
concern which uses repetitive order manufacturing for parts, 
most of which are produced to inventory, rather than to 
sales orders, the following illustration is presented. As 
will be seen, many of the decisions are made by an elec­
tronic computer.
A "stock status record" is maintained for each kind 
of part in inventory, including parts in the process of 
manufacture. The record for each part contains an elaborate 
inventory description, and includes dollar costs at both 
actual and standard prices. If a part is in the process of 
manufacturing, the record also includes:
1. Lot number
2. Quantity
3. Scheduling code
4. Due date
5. Latest operation completed.
Periodically, the stock status record is processed 
against a list of operations that have been completed in the 
manufacture of various parts. The processing is done in the 
electronic computer which uses both magnetic tapes and 
punched cards. Figure 18 illustrates the general nature of 
the flow of information used to facilitate machine loading
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and scheduling. As the figure shows, detailed data with 
respect to operations performed are coded on a magnetic 
tape (A). This tape is fed into the electronic computer and 
processed against stock status records, also introduced from 
a magnetic tape (B). The objective is to create output 
media suitable for scheduling, and for summarizing scheduled 
and unscheduled loads at each work station.
The basic output of the processing mentioned is a 
series of records on a magnetic tape (C) which indicate 
necessary data for revised scheduling, such as priority, 
scheduling periods, move times, and similar information.
The scheduling tape is then processed through a machine (E)
„to punch into cards selected data for each order. Four
punched cards are produced for each part, as indicated:
1. Priority cards. These are used to tabulate 
lists. The priority lists consist of data which 
include (a) a listing by part number, (b) by a list­
ing by criticalness of need (for example, parts 
shortage exists, parts shortage is expected, parts 
are below normal minimum, parts are above normal 
minimum), (c) a listing by work station at which 
parts are currently located.
2. Feedback cards. These are later used in the
electronic computer to update the stock status
records in light of the new schedule.
3. Dispatching cards. These show where material 
is located, when to start an operation on parts, and 
when the parts should be completed.
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4. Scheduling cards. These are posted on the 
scheduling board.
In addition to the above output, the electronic com­
puter produces summarized load cards (D) which are tabulated 
weekly to produce a "load report." This report indicates 
the scheduled and unscheduled loads for each work station. 
For unscheduled loads, actual and potential shortages are 
indicated, as well as parts below and above normal minimums. 
The several inputs and outputs are similar to those in a 
manual system, but the processes illustrated are carried out 
by the computer at enormously greater speeds than could be 
achieved on a manual basis. Assuming that the input data 
are correct, the computer is also far more accurate than 
human beings would be in performing the same operations.
It should be emphasized that the illustration does 
not imply that the computer does the scheduling. Basically, 
it furnishes pertinent and highly current information which 
facilitates the scheduling. Although scheduling cards are 
punched, the reader should realize that the act of schedul­
ing is still a manual operation. The cards are used on a 
scheduling board in the usual manner.
Simulation
One of the most powerful of the newly developed
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techniques utilizing the electronic computer in solving a 
problem applicable to production and material control is 
simulation.
This is a process of representing the performance of 
an organization (or some part of an organization) over an 
extended period of time. This is accomplished by devising 
mathematical models to represent each component part of the 
organization, while linking these models together to account 
for the interrelationships between these various components.
One of the most interesting uses of simulation is in 
the study of job-shop operations.'1' Two major problems in 
this area have received a great deal of attention from 
management scientists, operating researchers, and industrial 
engineers.
The first of these problems is associated with the 
common situation in which many operations on different jobs 
must be performed on a number of machines that are at least 
partially interchangeable, but with the cost varying with 
the particular type of machine used. If each job were 
assigned to the most efficient machine for that job, some
W. Martin, "Simulation in Organization as Re­
search," Business Horizons (Fall, 1959).
machines would be overloaded and others idle. Thus, it is 
usually impossible to assign each operation to the most 
efficient machine, and the problem becomes one of deciding 
which operations to assign to each of the machines in order 
to minimize the total cost of doing all the work. Good 
results have been obtained by applying the mathematical tech­
nique of linear programming to this problem (See Chapter I).
The second problem is in scheduling. In a situation 
where the various jobs involve separate operations on dif­
ferent machines in a fixed sequence, the difficulty is in 
deciding when to perform each operation to most effectively 
use equipment to meet the completion schedules for the indi­
vidual jobs. This is a complex problem because as soon as 
the shop load approaches a substantial percentage of theo­
retical capacity, conflicts arise in which two or more jobs 
are waiting for a single machine while other machines are 
idle. Although it appears that a simple enumeration of the 
possible schedules should suffice to solve this problem, 
the number of possible combinations is so astronomically 
large that the fastest electronic computer in existence 
could not evaluate them all within the time available. 
Further, no mathematical model that produces a practical
short cut has yet been devised for deciding on an optimal 
schedule.
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In the language of operations research, this problem 
may be considered as a complex queueing or waiting line 
problem involving both series and parallel service facilities. 
The queues consists of jobs that are waiting for an opera­
tion to be performed on a particular machine. These queue­
ing problems have been studied by use of a simulation tech-
j-
nique to test proposed decision rules for deciding which of 
the waiting jobs to perform next on each machine. If such 
rules can be devised to operate a shop more efficiently than 
it is currently being operated, then the rules may be applied 
by a computer in an automatic production control system.
A job-shop simulation usually involves the use of an 
electronic computer with an input of a sequence of jobs, 
each of which is to be released to the shop at a certain 
time. Each job is represented by certain information, such 
as the job number, the sequence of operations to be performed, 
the standard machine time for each operation, the due date 
for completion of the job, the value of the job, and any
2Much of the pioneering work in this area has been 
done by Allen J. Rowe of the General Electric Company. See 
his article, "Computer Simulation Applied to Job Shop Schedr-. 
uling," in the Report of the System Simulation Symposium 
held in New York City on May 16-17, 1957, published by the 
American Institute of Industrial Engineers.
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other information that is to be used in the decision rules 
being tested.
Associated with each machine group in the simulated
shop is a waiting line of jobs to be processed. By progress­
ing step by step through short intervals of simulated time 
and examining the status of each job and machine group at 
the end of each interval, the computer is able to apply the 
decision rules to be tested in each situation where an opera­
tion is completed or a new job enters the shop. During this
process, the computer can gather statistics on machine 
utilization, idle time, overtime used, average length of the 
waiting line, number of late jobs, or any other criteria 
that can be used to evaluate the various alternatives being 
tested.
Associated with each machine group is a "clock" that 
indicates the simulated time at which that machine will be 
free. Figure 19 shows a simplified sequence of steps that 
the computer goes through to simulate each time cycle. For 
simplicity, this block diagram omits the considerations 
involved in entering new jobs into the shop.
In block 1, the clock showing the earliest time of 
completion is selected, indicating that the machine associat­
ed with that clock is the next one to complete an operation.
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COMPUTER SIMULATION OF TIME CYCLES
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If this is the last operation on the job, a card is punched 
with statistics concerning that job. If other operations 
are to be performed on the job, blocks 4, 5, and 6 assign 
the job to the required machine if it is available or place 
the job in its proper position in the queue of jobs waiting 
for the required machine group. The processing for the 
particular time period on that job is then completed, so 
through blocks 8, 9, and 10 the computer can assign a job 
to the machine that was made available by the original com­
pletion of an operation in block 1. The process is repeated 
by selecting the next lowest clock, indicating the next 
event of importance, and so on.
The major interest in this process may be focused on 
block 5, for in the process of assigning a job to a place 
in line any priority rule or procedure devised may be used. 
Thus, many such rules may be tested to discover one that 
provides a highest efficienty in the operation of the shop. 
Furthermore, by altering the number and types of machines 
available as well as the rules for releasing jobs to the 
shop and for assigning due dates, the results obtained by 
various combinations of circumstances may be investigated.
The major limitations on the complexity of the shop 
that may be handled are the size of the memory of the
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computer and the ability of the person designing the simula­
tion to characterize the factors involved.
CONSOLIDATED MANUFACTURING CONTROL OPERATIONS
Electronic devices and computers will bring about a 
radical change in cost accounting. For example, current 
labor accounting in many plants now require that the operator 
fill out a time card showing the following information: 
clock number, department, order number, time started, time 
stopped, and production count. This information is then 
turned in to the payroll and production departments for pro­
duction count or inventory recordings and payroll computa­
tion. This is cumbersome enough but suppose that a machine 
breaks down in the plant thus causing an operating problem 
in addition to an accounting one. The operator has to walk 
to the central time station and report the incident. A 
maintenance man next has to be located, dispatched to fix 
the machine and then has to return to report the completion 
of the job.
Data Collection System
It is now possible to record the constant changes in 
the manufacturing operation from an electronic standpoint.
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First, each station of production will have three basic 
recording components, a transmitter, a phone, and a counter. 
At the start of the job, the operator will dial the order 
number and his clock number. At the central dispatching 
station, the receiver records in punched tape the date, 
time, clock number, and job for this station. At the end 
of the job, the operator can punch a button or dial a code 
indicating partial or final completion. Immediately the 
receiver records the elapsed operating time, scans the pro­
duction counter and punches the quantity into the tape. 
Feeding the tape into a computer will give the direct or 
crew cost per unit together with full payroll information 
and inventory data.
In the event of a machine breakdown the operator 
dials the stop code which gives the production data. Next 
he phones the dispatching center for maintenance help and 
instructions. The maintenance man, upon arrival at the 
machine, can dial in the start of repair time operations, 
cause of trouble, and completion of repair. He can also 
phone the dispatching station to report for new instructions 
and the return of the operations. It is readily observed 
that the labor cost of down-time and a down-time report by 
machine are available practically by the hour, with
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automatic accumulation of data for longer periods of time.
Cost and Production Records Up to Date Immediately
Mien utilizing random access files, it may be possible 
to return to the old manual bookkeeping approach of reflect­
ing the influence of each transaction on various records as 
the transactions occur, thus keeping all records up to date 
at all times. In a job-shop situation, the labor ticket 
prepared for payroll purposes contains information which can 
also be used to keep trade of the progress of each order in 
the shop and to analyze machine efficiencies.
By maintaining within memory three types of files, it 
may be possible to use the information on the labor ticket 
to maintain the employees* pay records, to maintain a current 
status of each job within the shop (including where it 
stands with respect to the schedule and to standard cost), 
and to accumulate statistics concerning the performance of 
each machine in the shop.
Since the record for each active job would include 
the schedule for that job and standard cost data for each 
operation, both of which could be compared with actual per­
formance, management could be provided with exception 
reports highlighting those jobs which are behind schedule
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or on which excessive costs are occurring. Since the status 
of each job would be up to date at all times, inquiry 
stations could be used to interrogate the file whenever 
desirable to answer questions concerning the status of any 
order in the shop.
Furthermore, raw material and in-process inventory 
balances could be maintained, and raw material requirements 
could be forecast on the basis of the projected production 
schedules.
Prospects for the Future
As has been previously indicated, it is the essential 
need of every management to receive and act on accurate 
information. Thus, as high speed computers permeate commerce, 
radical changes are taking place in accounting methods.
Through the diverse memories and the in-put and out-put 
devices, the present paper records will be eliminated. More 
facts will be stored on tape or in computers. All record­
keeping will be centralized, payroll, cost distribution, 
material control, production scheduling, cost, and general 
accounting will be brought together in one location.
PART II
APPLIED ACCOUNTING AND AUTOMATIC 
DATA-PROCESSING FOR AN 
OIL PIPE LINE COMPANY
CHAPTER VII
REVENUE AND OIL ACCOUNTING FOR A 
TYPICAL PIPE LINE COMPANY
The previous chapters of this study have described 
the techniques and concepts of accounting and automatic 
data-processing systems as they exist in 1961. The subject 
is a relatively new one. It has evolved rapidly and it 
probably will change even more rapidly in the future. There­
fore, the material presented herein is at best a starting 
point, and it is incumbent on the reader to take steps to 
learn about useful, new techniques as they come along and 
to learn how these apply to the types of problems with 
which this subject matter is concerned.
The purpose of this and the succeeding chapter is to 
apply some of the significant characteristics of accounting 
by computer that have been developed in the previous chap­
ters of this study. As a method of illustrating these 
techniques and the equipment utilized, certain phases of oil 
accounting for a common carrier oil pipe line company are 
developed.
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AN INTRODUCTION TO PIPE LINE ACCOUNTING
Pipe lines are the plumbing of the oil industry.
They are plant facility by nature, common carrier by law, 
and a combination of the two in practice. The trend toward 
automation has considerably increased the investment per 
employee, as evidenced by a fully-automated crude oil line 
having an investment of more than $500,000 per employee, 
which is the situation in this particular case study. Pipe 
lines are now moving approximately 95 per cent of the domes­
tic crude oil all or part of the way to the refineries and 
40 per cent of the products from the refineries to the 
markets.
The organization charts of pipe line companies are 
similar to those of industrial companies, except that, 
normally, they do not need a sales department. The sales 
function is usually handled by the top executives with an 
"assist" from the oil movements or dispatchers* department.
The financial statements and accounting records of 
an interstate common carrier pipe line must conform to the 
uniform classification of accounts prescribed for pipe lines 
by the Interstate Commerce Commission. Financial state­
ments for internal use may be prepared in such form as
management desires but reports to the Commission must com­
ply with the prescribed form.
It is not the purpose of this study to discuss in 
detail the chart of accounts for pipe lines. However, 
major items in the chart of accounts which are peculiar to 
the chief accounting areas for a typical pipe line company 
will be reviewed here briefly. These major accounting areas 
will be discussed from the point of view of automatic data- 
processing utilizing electronic computers.
Revenue and Oil Accounting
One of the important areas in pipe line accounting 
deals with the recording of operating revenue. This dis­
cussion will be limited to the recording of transportation 
revenue— accounts 501 (gathering lines) and 551 (trunk 
lines). The uniform system of accounts does not prescribe 
the accounting procedures for recording transportation 
revenue; nevertheless, certain accounting procedures have 
become standardized in the industry. The gauging informa­
tion, the tariff and the tender of shipment provide the basic 
information for recording this revenue. The gaugers, by 
preparing and signing the run tickets (gathering lines) and 
delivery or transit receipt tickets (trunk lines), provide
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the required information for the custody transfer of the 
oih., The tariff sets the route and the transportation 
charge. Oil offered for transportation must be for a move­
ment that is specified by a tariff. The offer is made to 
the pipe line company by a "tender of shipment," which is a 
document that contains pertinent information, such as the 
pipe line order number, barrels tendered, I.C.C. tariff 
number, the carrier's tariff number, origin and terminus of 
the shipment, the route, and storage instructions, if neces­
sary.
In some states where production is controlled by 
state law, and this is the case in Louisiana, the carrier 
is held responsible if more oil is run from the lease than 
has been authorized by the proration authorities. In these 
states the carrier is required to maintain detailed records 
of well allowables and daily runs.to insure against overruns. 
The source and nature of entries to be made in the accounts 
subsequent to a tender of shipment are illustrated in the 
flow chart depicted in Figure 20.
Run Tickets
One of the basic source documents in the revenue and 
oil accounting area is the run ticket. The tickets show
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measurements and tests for oil run from leases by the pipe 
line. A typical run ticket is shown in Figure 21.
The run ticket is made by the pipe line gauger and 
witnessed by the lease operator's representative. This 
ticket may be construed by the seller as a draft on the pur­
chaser for an amount of money equal to the value of oil 
represented thereon at the agreed or posted market price.
The pipe line company is liable to the purchaser or shipper 
for delivery of a like quantity of oil of substantially the 
same kind at a designated point of delivery, subject to 
applicable tariff provisions.
Run tickets issued by each gauging district must be 
strictly controlled in order to insure proper accounting 
for transportation charges. Such control is similar to that 
exercised for sales tickets or invoices of vendors. Tickets 
may be prenumbered or be numbered by sequence in gauger's 
districts. Void or missing numbers must be accounted for.
A further check on run tickets is made by means of 
the numbered seals which are used to lock the valves on 
producers' tanks after the run has been made. The last seal 
number reported on the tank must correspond with the number 
of the seal that is broken when the next run is made.
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SPECIMEN RUN TICKET
Measurement of Oil
The method of measuring, testing and sampling crude 
oil and products are uniform throughout the industry and 
conform to established A.P.I. (American Petroleum Institute) 
codes. The pipe line accounting must conform with these 
codes in transactions of receiving or delivering to shippers 
and in transfers to or from connecting carriers on joint 
traffic movements.
The oil after production goes first to storage tanks 
which are commonly referred to as the tank battery. The 
total storage capacity of a tank battery is usually equal to 
3 to 7 days* production of the wells connected to the tank 
battery. There are usually two or more tanks in a battery 
so that while oil is being run from one tank the other can 
be filling. Storage tanks usually have a bottom drain out­
let for draining off basic sediment and water (B.S. & W. ) . 
The point where the pipe line company connects to lease 
tanks is usually one foot above the bottom of the tank. The 
space below the pipe line outlet provides room for the col­
lection of basic sediment and water. The pipe line outlet 
valve is sealed closed with a metal seal when the tank is 
being filled and similarly locked in open position when the 
tank is being discharged into the pipe line. As previously
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mentioned, a record of the seal numbers used provides a 
safeguard against unauthorized movement of the oil from 
storage tanks.
Oil enters the tank at the top at an inlet opening.
A valve is provided on the inlet line so that it may be 
closed to prevent oil from entering the tank after the tank 
is ready for delivery, or during delivery, to the pipe line 
company. Also at the top of the tank is an opening known as 
a thief or gauge hatch provided to permit sampling and mea­
suring of the oil in the tank.
Before a tank battery is put into operation, each 
tank is strapped, which means taking the measurements or 
dimensions of the tank. These measurements are taken by 
the pipe line gauger in accordance with standards prescribed 
by A.P,I. Standard 2501, Crude Oil Tank Measurement and 
Calibration.  ^ The measurements are witnessed by a represen­
tative of the producer and recorded on a tank strapping 
report, which is signed by the pipe line gaugeriand the pro­
ducer's representative. The strapping report is sent to an 
independent tank engineer who computes the amount of oil 
that can be contained in each interval of height of the tank.
^Published by American Petroleum Institute, New York, 
New York, First Edition, 1955.
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The standard unit of measurement of crude oil is a 
barrel of 42 gallons at a temperature of 60°F. The capacity 
of the tank in barrels according to the height of liquid in 
the tank is prepared in table form, usually referred to as 
a tank table. The tables are usually prepared to show the 
capacity for each one-quarter inch from bottom to top. In 
pipe line companies using electronic data-processing equip­
ment to compute the volume of oil, the tank table is supple­
mented by a table of tank increment factors representing the 
barrels of oil per one-quarter inch between various levels 
of the tank.
Immediately before running a tank of oil to the pipe 
line, the pipe line gauger, observed by the lease pumper- 
gauger, measures the top level, or opening gauge, of the oil 
with a steel measuring tape weighted by a plumb bob. By 
the use of a device known as a thief, which permits extrac­
tion of oil from any desired level in the tank, samples of 
oil are secured for several intervals just above and below 
the pipe line connection in order to determine that the 
B.S. & W. content of the oil is within the one per cent 
acceptable by the pipe line company or to determine how much 
B.S. Sc W. must be drained from the tank in order to lower' 
the salable oil to the pipe line connection. The samples
obtained are placed in glass tubes and spun in a centrifuge. 
Centrifugal force causes the B.S. & W. to settle to the 
bottom of the glass tube and the B.S. & W. content can be 
read from graduations on the tube. The amount of B.S. & W. 
in the salable oil is also determined by this method. The 
A.P.I. gravity^ of the oil, adjusted to 60°F, is a factor in 
the volumetric correction to 60°F and is often a determinant 
of the value of the oil. The gauger measures the gravity 
of the oils with a hydrometer, recording the temperature at 
which the gravity was observed, for later use in adjusting 
observed gravity to the gravity at 60°F. In order to adjust 
the volume of oil, the temperature of the oil in the tank is
2
"The API gravity scale is an arbitrary one which is 
related to the specific gravity of a petroleum oil in 
accordance with the formula:
Degrees API = 141.5 - 131.5"
sp. gr. 60/60 F
This definition of API gravity is from the American Society 
for Testing Materials, ASTM Designation D 287-39: "Standard
Method of Test for Gravity of Petroleum and Petroleum Prod­
ucts by Means of the Hydrometer," as quoted in the API 
Standard 2500, Measuring, Sampling and Testing Crude Oil, 
p. 33.
As indicated by the formula, the relation between API 
gravity and specific gravity is purely mathematical, API 
gravity varying inversely with specific gravity. For example 
An oil with a specific gravity of .90 has an API gravity of 
25.72; an oil with a specific gravity of .80 has an API 
gravity of 45.38.
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taken by lowering a thermometer into the oil. After the 
tank has been drained to the level of the pipe line connec­
tion, the bottom, or closing gauge, is measured and the 
temperature of the remaining oil taken. The above informa­
tion and appropriate identification of the lease and tank 
from which the oil is run are entered on the pipe line run 
ticket and the ticket is signed by both the pipe line gauger 
and the lease pumper-gauger.
The Tank Table
The tank table or its equivalent, the increment 
factor sheet, is the basic reference source for calculation 
of the volume of oil produced or delivered from a lease.
The tank table is a tabulation of the liquid capacity of a 
tank at various levels of height, usually at one-quarter 
inch intervals for lease storage tanks, expressed in barrels 
of 42 gallons of crude oil at the standard temperature of 
60°F. The increment factor sheet is a tabulation of the 
capacity of the tank expressed in fractional barrels, stated 
as five-place decimals, for each one-quarter inch between 
the various levels of height at which the capacity per one- 
quarter inch changes. The tank table is used for manual 
calculation of oil volume. In this study we are interested
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in the increment factors as they are used for calculation 
of oil volume by electronic data-processing equipment.
Both the tank table and the increment factor sheet are pre­
pared by an independent tank engineer from strapping reports 
received by him from the pipe line gauger. A specimen
increment sheet is shown in Figure 22.
Gravity Correction Factors
The API gravity at 60°F is an element in the selec­
tion of the proper temperature correction factor. It is 
often the determinant of the value of the oil, prices often 
varying a few cents per barrel for each degree of gravity.
The API gravity at observed temperature is corrected to API
gravity at 60°F by the use of "Table 5, Reduction of Observed
API Gravity to API Gravity at 50°F," in ASTM— IP Petroleum
3
Measurement Tables. The table includes adjusted gravity 
for each whole degree of observed gravity. It is necessary 
to interpolate to obtain corrected gravity for fractional 
degrees of observed gravity. For example, if the observed 
gravity is 37.6 at the observed temperature of 70°F, the
^American Edition, American Society for Testing 
Materials, Philadelphia, 1952. Prepared jointly by American 
Society for Testing Materials and The Institute of Petrole­
um (British).
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corrected gravity is obtained by securing the gravity at 
60°F for observed gravities of 37.0 and 38.0 from the table, 
determining the difference between them, multiplying the 
difference by .6, and adding the result to the corrected 
gravity for an observed gravity of 37.0 as follows:
Adjusted gravity, if observed gravity is 37.0 = 36.3
Adjusted gravity, if observed gravity is 38.0 = 37.2
Difference 0.9
Multiply by , . 6
.5
Add adjusted gravity at 37.0 36.3
A.P.I. gravity at 60°F if observed
gravity is 37.6 at 70°F 36.8
Temperature Correction Factors
In order to correct the volume of crude oil measured 
at temperatures other than 60°F to standard barrels at 60°F, 
correction factors to adjust for the expansion or contrac­
tion caused by temperature must be applied. As the rate of 
expansion or contraction is affected by the gravity of the 
oil, the correction factors are based on API gravity at 60°F. 
The factors used are those contained in "Table 7, Reduction 
of Volume to 60°F Against API Gravity at 60°F (Abridged 
Table)," in ASTM— IP Petroleum Measurement Tables. As oil 
expands when heated and contracts when cooled, the factors 
are less than 1.0 when the temperature is higher than 60°F
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and greater than 1.0 when the temperature is lower than 
60°F. The adjustment of the factor for each degree of 
temperature change is dependent upon the API gravity of the 
oil. For convenience in use, Table 7 is divided into eight 
groups of gravity ranges, and the factor adjustment for 
each degree of temperature change is assumed to be uniform 
for all gravities within a particular group. The oil pro­
duced or purchased by most companies falls within the five 
groups indicated:
Group Number Range of Group Factor Adjust-
A.P.I. Gravity ment per °F 
at 60°F
0 .0 - 14.9 0.00035
1 15.0 - 34.9 0.00040
2 35.0 - 50.9 0.00050
3 51.0 - 63.9 0.00060
4 64.0 - 78.9 0.00070
Most of the oil produced or purchased falls within 
Groups 1 and 2 for which illustrative temperature correction 
factors are listed as follows:
Observed Temperature Group 1 Group 2
________ °F________ __ _______  _______
30 1.0120 1.0149
40 1.0080 1.0099
50 1.0040 1.0050
80 .9921 .9901
90 .9881 - .9851
100 .9842 .9801
Having now presented briefly the pertinent information 
concerning tank capacity, gravity correction factors and
temperature correction factors we may now describe the 
various steps involved, in the processing of the basic source 
document used in oil accounting, namely, the run ticket.
Processing of the Run Ticket
As indicated previously, the pipe line run ticket is 
the document on which the pipe line gauger, witnessed by 
the lease pumper, records the information necessary for 
later calculation of the volume and gravity of the oil de­
livered or run from the lease tank to the pipe line. The 
information recorded thereon includes the pipe line name, 
the date of the run, the run ticket number, lease identifi­
cation, the tank number, the first and second measurements 
and the temperature at which it was observed, the B.S. & W. 
content, and the signatures of the pipe line gauger and 
the lease pumper. The run ticket also has space for record­
ing gravity adjusted to 60°P and the result of volume 
calculations. These calculations are not completed on the 
copy of the run ticket supplied for accounting purposes but 
are made at the home office of the pipe line company with 
the aid of an electronic calculator or a computer. The 
steps and the calculations for the specimen run ticket as 
shown in Figure 2i are outlined below:
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Step Number 1. Correct the observed A.P.I.
^ gravity at observed temperature to A.P.I. gravity
at 60°P.
The observed gravity indicated on the specimen 
run ticket is 24.4 at 84°F. By reference to ASTM- 
1P, Table 5, and the interpolation procedure pre­
viously outlined, the corrected gravity of 23 at 
60°F is obtained.
Step Number 2 . Determine the gross amount of fluid 
■i (oil and B.S. & W.) in the tank before the run by add­
ing the proper tank increment factors until the.first 
measurement is reached.
The first measurement indicated on the specimen 
run ticket is 5* 7-1/4". By adding the tank incre­
ment factors until this measurement is reached, the 
gross volume of 360.88 barrels is obtained.
Step Number 3. Correct the volume obtained in 
Step Number 2 to the volume at 60°F by (a) determin­
ing the gravity group and (b) selecting the tempera­
ture correction factor and multiplying it by the 
volume obtained in Step 2.
By reference to ASTM— IP, Table 7, it is deter­
mined that the correct gravity of 23 obtained in 
Step Number 1 is in gravity group No. 1. The cor­
rection factor for this gravity group at the 
temperature of 84°F indicated by the specimen run 
ticket is .9904. Multiply this factor by 360.88, 
the gross barrels obtained in Step Number 2, to 
obtain the correct volume of 357.41 barrels.
Step Number 4 . Determine the gross amount of 
fluid remaining in the tank after the run by adding 
the proper tank increment factors until the second 
measurement is reached.
The second measurement indicated on the specimen 
run ticket is 1' 1-2/4". By adding the tank incre­
ment factors until this measurement is reached, the 
gross volume of 71.22 barrels is obtained.
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Step Number 5. Correct the volume obtained in 
Step Number 4 to the volume at 60°F as in Step 
Number 3.
The gravity group is Number 1. The correction 
factor for the observed temperature of 7 5°F is 
.9940. This factor times 71.22 barrels gives the 
corrected volume of 70.79 barrels.
Step Number 6 . Determine the net volume of fluid 
(oil and B. S. & W.) run by subtracting the result 
obtained in Step No. 5 from that obtained in Step 
Number 3.
375.41 less 70.79 equals 286.62 barrels.
Step Number 7. Determine the amount of B.S. & W. 
by multiplying the net volume of fluid run, from Step 
Number 6, by the per cent of B.S. & W. indicated on 
the run ticket.
The specimen run ticket indicates a B.S. & W. 
content of 2/10 of 1%. This times net fluid volume 
of 286.62 barrels equals .57 barrels of B.S. & W.
Step Number 8. Determine the net amount of salable 
oil run by subtracting the amount of B. S. & W. from 
the net volume of fluid run.
286.62 less .57 equals 286.05 barrels.
The above presented steps applicable to the calcula­
tion of individual run tickets have been outlined assuming 
that the work is done utilizing a modern electronic data- 
processing system. The primary purpose of these calcula­
tions is to translate the information on the pipe line run 
ticket into volume and value, allocating this value to the
various owners of interest.
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The development of the detailed program steps and 
the electronic data-processing equipment utilized for this 
purpose is discussed in the next chapter.
CHAPTER VIII
THE DEVELOPMENT OF AN ELECTRONIC DATA-PROCESSING 
SYSTEM FOR A PIPE LINE COMPANY
REVENUE AND OIL ACCOUNTING
As implied in Chapter III, there are certain charac­
teristics of business data process common to most jobs.
These characteristics are especially appropriate when con­
sidering revenue and oil accounting for a typical pipe line 
company. For example: (1) a large volume of individual
transactions (for this case, in excess of 1,000 individual 
run tickets per day); (2) many additions and subtractions, 
but relatively simple arithmetical computations (in this 
case, the numerous calculations associated with each run 
ticket); (3) many variables (as applicable to this case,
the numerous tank increments needed in the computation of 
oil volume indicated on each run ticket); (4) a large 
amount of reference information (in this case, Field Run 
Tank Masters, Rec/Del. Tank Masters, Company totals, State 
Field Masters, and so forth which must be updated on a daily
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production basis) .
With reference to the above characteristics, one of 
the primary factors to consider is the ability of the equip­
ment selected to store a vast amount of information. This 
large storage capacity is required in order to maintain the 
many individual records needed for each tank battery, each 
company receipt/delivery account, state field control 
records as required by state regulatory bodies and the 
tender card master records applicable to delivery of oil.
A second primary consideration applicable to the 
equipment selected is the ability to make the many simple 
arithmetical calculations needed in accumulating the various 
tank increments to determine the volume of oil represented 
by each individual run ticket.
And the third primary consideration in selecting the 
equipment necessary for the revenue and oil accounting 
electronic data-processing system is the ability to update 
immediately all pertinent accounting records involved 
applicable to a single crude oil run ticket. This account­
ing method of immediate updating of all records is called 
in-line processing.
Thus, with the above-mentioned considerations in 
mind, we may now consider the entire process involved in
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converting the oil and revenue data-processing area from a 
punched card installation to an electronic data-processing 
system utilizing a computer.
EQUIPMENT SELECTED
To meet adequately the considerations outlined above 
the pipe line company depicted in this case study chose the 
IBM 305 RAMAC which is built around a random-access disk 
storage unit that permits the storage of 5,000,000 characters 
(double this storage capacity if dual system control is 
employed).
As a guide to a more complete understanding of the 
individual program steps presented and the various component 
parts of the system, the following schematic summary of the 
305 system is presented in Figure 23.
As can be seen in Figure 23, the RAMAC includes a 
central processing unit with a small drum memory, a card 
reader, a card punch, a line printer and one (two.if dual 
system control is employed) magnetic disk file. A console 
typewriter is also provided which may be used for entry, 
output, or for interrogating the machine.
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SUMMARY OF THE 305 SYSTEM
Special Characteristics of the Equipment
The Ramac utilizes a combination of stored and wired 
programming, and in programming the instructions for this 
equipment it is significant to point out that each program 
step comprises a ten-character instruction arranged as 
follows:
F R O M T O n o .  o r C 9 N T 4 0 4
r«*ut r i u u K tOtfTtONS
The character in the first (left hand) position of 
the instruction specifies the track on which the desired 
information is stored. The next two positions specify the 
position of the low order character of the information on 
the track. These three positions are called the FROM 
address of the instruction. In a similar manner, the next 
three positions are called the TO address and specify the 
track and units position to which the information is being 
transferred. The next two positions of the instruction 
define how many characters (NO. CHARACTERS) are to be trans­
ferred. The ninth and tenth positions are control positions 
of the instruction. Any of the 47 characters recorded in
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the ninth position will cause an impulse to be emitted on 
the process control panel for testing and branching. The 
ninth position is also called the PROGRAM EXIT position. 
Specific characters recorded in the tenth position will modi­
fy the inst; -,ction for special operations such as comparing.
In the Ramac all branching is done by means of selec­
tors on the control panel. A three-position selector for 
each of the ten accumulators is set to plus, minus, or zero, 
according to the contents of the corresponding accumulator 
(see program step 030 in the detail block diagram shown in 
Figure 27) . Another set of selectors is set to equal or 
unequal, according to the results of program comparisons 
(see program step 003 in the detail block diagram shown in 
Figure 26). At the end of any stored-program step, control 
may be transferred to the control panel, and the program 
step to be executed next is determined by wiring through the 
proper selectors (see program flag <F> in program step 009 
in detail block diagram shown in Figure 26).
The three arithmetic operations of addition, sub­
traction and multiplication, as well as transfers of informa­
tion, are performed through the use of stored-program 
instructions. The arithmetic tracks or accumulator tracks 
are addressed by the stored program characters L and M as 
follows:
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From Track To Track
Accumulator add
(See program step Oil 
in Figure 26)
L
Accumulator subtract 
(See program step 032 
in Figure 27)
M
Accumulator read out 
(See program step 037 
in Figure 27)
L
Read out and reset M
(See program step 055 
in Figure 27)
Programming a multiplication is a two-step operation.
First, the multiplicand is loaded on the multiplicand work­
ing track using TO address of V99 (see program step 040 in 
Figure 27). Next, the multiplication actually begins when 
the machine receives an instruction with the TO address N99 
(see program step 041 in Figure 27).
involving addition, subtraction, and branching, or a special 
device may be included in the machine to provide a divide 
operation. In addition to input and output tracks and 
several processing tracks (see Figure 28 for illustrations 
of the various processing tracks used in this case study), 
the magnetic drum provides storage for 200 instructions of 
ten characters each.
Division may be either programmed using a subroutine
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The Ramac magnetic disk file is organized into 100- 
character records (see Figure 28 for the track layout of the 
various records maintained in disk storage). Since there 
are two read-write heads on the access arm, a track on each 
of the upper and lower surfaces of a disk may be read with 
one position of the access arm. Thus, the addressing system 
considers ten records as a unit, five on the upper track of 
the disk and five on the lower track. The record address 
is a five-digit number. The first two digits give the disk 
number (ranging from 0 to 49 for the first disk file unit 
and from 50 to 99 for the second if used), the next two 
digits give the track number (from 00-99), and the low-order 
digit (0 through 9) gives the record number, as shown below.
d i s k
N UM A BR.
T R A C K
N U M B E R .
R B C O dO
N U M O E f l .
* X X X X
When the address of a record is placed in the address 
register, the access arm begins to move toward that record. 
While the arm is in motion, the machine may continue other 
processing steps until an instruction is given to read from 
or write on the disk. For example, in Figure 25 it may be 
noted that a seek instruction (locate a record in disk 
storage) is given in program step 012 and the record in disk
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storage is actually not read until program step 065. How­
ever, the machine continues to process all of the interven­
ing program steps. If the access arm is properly positioned 
when a READ instruction is given, the record from the disk 
is transferred onto a track of the drum. However, if the 
access arm is still in motion when the READ instruction is 
given, the machine interlocks until the arm is properly 
positioned, and then the record is transferred. When a 
record is written in the file, it is automatically read 
back and compared character by character with the informa­
tion in working memory to insure that correct and readable 
information is recorded.
Having now pointed out some of the significant 
characteristics and the electronic data-processing equipment 
suitable for oil and revenue accounting in a typical pipe 
line company we may now consider the development of proce­
dures necessary in attaining the desired goals.
DEVISING PROCEDURES
An important step in the process of developing a 
computer processing system as indicated in Chapter V is 
that of devising a procedure for converting the input infor­
mation into the results that are required. A procedure
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usually is expressed in the form of a flow chart, after the 
various steps have been established, showing where the in­
formation enters the system, and manual steps that are 
involved, the files that are maintained, the various machine 
runs required, and the output reports that are produced in 
the present system.
In order to illustrate the detailed analysis required 
in the system study applicable to the present system employed 
by the company represented in this case study, let us con­
sider a rather simple hypothetical example.
Hypothetical Example
For practical purposes oil accounting commences with 
run tickets. In the company described in this present study, 
25,000 tickets are processed monthly.
It has already been indicated in the previous chapter 
that present lease storage tank tables are graduated in 
~ quarter-inch readings (758 readings for a 16-ft., 500-bbl. 
tank) and are constructed from factors taken from tank table 
volume run sheets prepared during tank-calibration operations. 
These sheets show the number of quarter inches and the 
barrels per quarter inch in each increment and the point 
where the barrels per quarter inch vary due to tank structure.
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Therefore, the determination of the number of barrels in 
any tank merely requires multiplying the barrels per quarter 
inch times the number of quarter inches in each increment , 
and adding the result of each succeeding calculation until 
the number of quarter inches gauged is reached.
For our hypothetical example, let us assume a 16-ft. 
storage tank with five incremental changes from the bottom 
to the top of the tank which is outlined in the tank table 
volume run sheet as indicated in Figure 24.
INCREM ENT FACTOR
mol cMtm ~TXt- £7/cw b&r
OWNER. An? Ot I Co*
LE*$E TXL V "  W ells  / - v
ta n k . n o . 3 9 6 •HOT- U s L
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/ . 6 9 7 * 6 0 3 7 4  "
2 . 6 3 7 6 7 3 7 ^ ' ^  V '
3 r n h "
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FIGURE 24
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In our example let us assume that the tank gauge for 
the first measurement shown on the run ticket is 15 ft. 6 
in. (744 quarter inches). Therefore, the first measurement
will fall within the fifth increment. To arrive at barrels
will require the following calculations:
A. Subtract the number of quarter inches in the
low reading of the fifth increment (608) from the 
number of quarter inches in the first measurement 
(744). The result is 136 quarter inches.
B . Multiply the results of (A) times fraction 
of barrels per quarter inch in fifth increment 
(0.67379 x 136 = 91.6354).
'"'v.
C. To the results obtained in (B) add the barrels 
in the preceding increments from the tank botton 
(416.5711) and the net result of 508.21 bbls. for the 
first measurement is determined.
If the tank gauge for the second measurement shown on 
the run ticket is 1 ft. 6 in. (72 quarter inches), it would 
fall within the first increment. To arrive at the barrels 
will require the following calculations:
A. Subtract the number of quarter inches in the 
low reading of the first increment (000) from the 
number of quarter inches in the second measurement 
(72).
B. Multiply the results obtained in (A) times 
the fraction of barrels per quarter inch in the 
first increment (0.69786 x 72 — 50.2459).
C. To the results obtained in (B) add the barrels 
in the preceding increment from tank bottom (none) 
and the net result is barrels for second measurement.
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D. Subtract the barrels in the second measure­
ment from the barrels in the first measurement and 
the result is gross barrels run for the applicable 
run ticket (508.21 - 50.25 = 257.96).
In the present system employed, prior to conversion 
to the IBM 305 RAMAC computer, the company accomplished the 
above calculations through the utilization of an IBM 604 
electronic calculating punch in two operations. Even with 
the use of this system, the tedious task of referring manual­
ly to tank tables had been eliminated.
Calculation of Gross Barrels Under Present System
To calculate gross barrels on the 604, the company 
employs a deck of tank-table master cards which are somewhat 
unusual in their construction. These master cards are con­
structed to take the place of tank tables, and an average 
of from two to five master cards are required to record the 
barrels at any level in a lease storage tank.
One master card is prepared for each increment of 
volume measurement variation that will change the fractional 
part of a barrel per vertical quarter inch. The card con­
tains the location code, tank number, and tank increment 
number, the total number of quarter inches from the bottom 
of the tank for both the upper and lower extremes for the 
increment, the fractional part of a barrel per quarter inch
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within the increment, and the total barrels from the lower 
extreme of the increment to the bottom of the tank. By use 
of a test deck in conjunction with these tank-table master 
cards the company is able to determine for verification 
purposes that the figure for gross barrels for each quarter 
inch thus obtained is identical with that shown on the tank 
table.
Tabulating Procedure Under Present System
The tabulating procedure for processing run tickets 
begins almost immediately after they are received in the 
central accounting office. They are first arranged by oper­
ating district and bundled in groups of approximately 100. 
For control purpose, an adding machine tape is run on each 
bundle for the total of tank numbers and a transmittal slip 
completed to indicate the date, bundle number, district, 
total of tank numbers, and number of tickets.
The tickets with their respective transmittal slips 
are forwarded to the key punch group in the tabulating 
section. Run ticket detail work cards are key punched and 
verified for such information as location code, date, bundle 
number, ticket number, tank number, indicated gravity and 
temperature at the first and second reading, tank tempera­
ture, the percentage of B.S. & W. and the feet and inches
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for the first and second measurements. A tabulation of the 
totals for tank number and number of tickets will verify 
that the cards were punched for all tickets and that the 
tank numbers are correct.
The electronic calculator is now employed to convert 
the feet and inches simultaneously into the number of quarter 
inches for both the first and second measurements and punch 
the two results. The next calculation determines gross 
barrels for the second or low gauge measurement. For this 
operation the run ticket detail work cards are sorted in 
order by (1) location, (2) tank number, and (3) in ascending 
order from the smallest to the largest number of quarter 
inches in the second measurement.
These cards are then collated against the master tank- 
table cards, selecting the appropriate increment master card 
pertaining to the number of quarter inches in the second 
measurement. The master cards are merged in front of their 
respective detail work cards.
The calculator now determines the number of barrels 
of oil within the respective increment where the second 
measurement occurs and adds this to the total barrels that 
exist from the lower extreme of that particular increment 
to the bottom of the tank. The result is the total gross
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barrels for the second measurement which is punched into 
the detail work card.
These work cards are then separated from their master 
cards and the procedure repeated to determine the gross 
barrels for the first or high gauge using the appropriate 
masters except that instead of punching the result it is 
held until the barrels for the second measurement are sub­
tracted and the difference is punched for the gross barrels.
Once the gross barrels are calculated, the electronic 
computer is again brought into use to convert the gross 
barrels into 60° barrels. This is done by means of factors 
recorded in punched cards which will correct indicated 
gravity to 60°, gross volume to 60°, and then deduct sus­
pended B.S. & W. These steps were explained in detail in 
Chapter VII.
After all tickets for a month have been calculated 
and the calculations verified, the Tabulating Machine Unit 
prepares a Run Ticket Summary and a Lease Summary Listing, 
the totals of which should agree with the total net barrels 
shown on the Oil Settlement Manual Control of Crude Oil 
Runs. If the totals agree, the final step is the posting 
of the detail in the Oil Accounts— Barrels as shown in 
Figure 20, Chapter VII.
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Having now analyzed the calculation of the oil run 
ticket and the posting of the detail applicable to barrels 
of oil in the Oil Accounts under the present system, the 
next step in the development of a new system utilizing an 
IBM 305 RAMAC computer is to devise procedures necessary 
under the new system.
PROPOSED NEW SYSTEM UTILIZING AN 
IBM 305 RAMAC COMPUTER
In the proposed new system involving a stored-program 
machine, the basic input data and output information are the 
same. However, the methods of accomplishing the results are 
substantially different, thus providing for a more efficient 
and timely operation. Also in the proposed new system all 
pertinent records pertaining to revenue and oil accounting 
are maintained up to date as of the processing of the last 
transaction.
Basic Changes in Procedures
In the old system utilizing the IBM 504 calculator, 
the company used a deck of tank-table cards prepared for 
each increment of volume measurement variation which changed 
the fractional part of a barrel per vertical quarter inch. 
Under the proposed new system the same basic tank increment
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factors are to be used for measuring volume of oil. However, 
the information previously stored on cards is now stored on 
magnetic disks. Through machine programming, the particular 
increment applicable to a certain tank is automatically 
brought from disk storage to the working track processing 
area for use in calculating the volume of oil represented by 
an oil run ticket.
Also in the old system the IBM 604 calculator is used 
to convert the gross barrels into 60° barrels. As indicated 
previously, this was done by means of factors recorded in 
punched cards. Under the new system these same correction 
factors are used but the information previously stored on 
punched cards is now stored on magnetic disks. Again, 
through machine programming, the particular correction 
factor applicable to a certain gravity is brought from disk 
storage to the working track processing area for use in con­
verting gross barrels into 60° barrels.
And finally, in the new system, all pertinent records 
concerned with oil accounting such as Field Run Tank Masters, 
Rec/Del. Tank Masters, Company Totals, and State Field 
Masters are immediately up dated as of the processing of the 
last transaction.
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Block Diagrams
For each machine run in any procedure involving a 
stored-program machine, it was previously pointed out in 
Chapter V that diagrams must be constructed from which the 
machine program can be written. These block diagrams are 
usually constructed in several stages, starting with the 
general over-all block diagram which expresses the major 
logic of the program. With reference to this case study, 
the general block diagram is shown in Figure 25.
Although the amount of detail which is shown in this 
type of block diagram can vary from one individual to 
another, the author has tried to prepare the over-all block 
diagram simple enough to be expressed on a few pieces of 
paper of reasonable size, and yet adequately exhibit the 
relationships between the various types of input and output 
and general processing steps involved in the machine run.
As you can see by the numbered program steps indi­
cated, a block in the over-all block diagram may represent 
numerous machine instructions. Thus, a further breakdown 
and more detailed block diagram must be prepared for each of 
these blocks. A more detailed breakdown of the block 
numbers represented by program steps 003 through Oil and 
also program steps 026 through 064 as shown on the over-all
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The purpose of this first step 
is to transfer the program con­
trol to the first step of a 
new sequence of instructions.
000 This instruction clears the 
entire accumulator track be­
fore the processing for the 
program begins.
001 Read in a card (oil run ticket 
detail working card). This in­
struction transfers the infor­
mation from input track K to 
working track Z. (See input 
track K layout in Figure 28).
002 This instruction transfers 
certain information, namely, 
the 1st and 2nd measurement 
from working track Z to working 
track # for processing.
003 This instruction is the first 
- of a series of steps which
011 locates the tank number appli­
cable to the run ticket being 
processed. This instruction 
compares the 5th digit of tank 
number to a constant 3 which 
is on track * (See Figure 28)
012 This instruction actually seeks 
the tank master from the address 
in disk storage that has been 
determined in the previous 
instructions.
FIGURE 25
GENERAL OVER-ALL BLOCK DIAGRAM
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013 These instruction classify the 
ticket as to type run and card
014 control and pick up certain 
selectors for future use.
015 This program instruction trans­
fers the observed gravity in­
dicated on the run ticket to 
working track Z for assembly. 
Also control flag I is used to 
test selector #3 for a void 
ticket.
016
025
026
064-
This series of program steps 
are performed in order to find 
the correct gravity from the 
A.P.I. table. Information ap­
plicable to this table is 
stored as constant on track I 
and the processing in this 
series of instructions results 
in a slide operation.
This series of instructions 
correct the gravity to 60° and 
transfers the gravity at 60° to 
working track Z for assembly. 
(See detail block diagram in 
Figure 27.)
065 These two instructions read the 
tank master from disk storage
066 that was sought in program step 
012. This information is read 
onto working track T and com­
pared to tank number indicated 
on the run ticket for correct 
tank.
068 This instruction seeks the
Lease or Rec/Del record for the 
particular lease in disk 
storage.
FIGURE 25 (CONTINUED)
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069 This series of instructions
calculates the net barrels at
17 5 60° temperature. These steps
are briefly outlined in the 
preceding chapter.
176 This instruction transfers the 
net barrels .^s determined in 
the previous series of program 
steps from accumulator 9 to 
working track Z for assembly.
177 This instruction transfers the
B.S. & W. % as indicated on the 
original run ticket from working 
track # to working track Z for 
assembly.
178 This instruction transfers in­
formation pertaining to the 
state, system and type of crude 
oil from processing track U to 
track Z for final assembly pre­
paratory to up-dating the 
records in disk storage appli­
cable to oil production by 
state, by system and by type
of crude.
179 This instruction reads the par­
ticular lease or Rec/Del. 
record represented by the oil 
run ticket being calculated 
from disk storage to working 
track U preparator to updating.
180 This instruction is to add the 
gross, net and B.S. & W. barrels 
presently on the master lease 
record to accumulator 5 to be 
used in obtaining the new up­
dated total production applica­
ble to the particular lease.
FIGURE 25 (CONTINUED)
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181 This step adds the gross, net 
and B.S. & W. barrels repre­
sented by the current ticket 
to the accumulator to be added 
in with the previous amount on 
the individual lease record in 
order to obtain the new updated 
total amounts for the particu­
lar lease.
182 This step is necessary to trans­
fer the total updated barrels 
from the accumulator to working 
track U preparatory to reading 
the record into disk storage.
183 This instruction reads the up­
dated master lease record to 
disk record file.
Pinal control flad L (lower) 
is wired to start the program 
over and read in a new run 
ticket.
FIGURE 25 (CONTINUED)
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block diagram are shown in Figures 26 and 27 respectively. 
Coding
As previously indicated in Chapter V, the over-all 
process of preparing a machine program is called programming. 
This includes the preparation of the detailed block diagrams 
as shown in Figures 26 and 27 for use in writing the program. 
The process of converting the detailed block diagram into 
the machine instructions acceptable to the IBJYl 305 RAMAC 
computer which are stored in memory is the coding procedure 
as explained in Chapter V. As an illustration of the 
machine language acceptable to the RAMAC, the author has 
coded the instructions represented in the detailed block 
diagrams. As a further guide in studying the various pro­
gram steps, Figure 28 is shown in order to present the 
various record or (track) layouts used. These records or 
(tracks) show both permanent storage disk records and work­
ing tracks on the drum.
SUMMARY
In the last two chapters of this study, the author 
has attempted to present briefly the steps necessary to 
convert the revenue and oil accounting area of a typical 
pipe line company from a slower, less efficient system to a
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FIGURE 26
DETAILED BLOCK DIAGRAM
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more appropriate electronic data-processing system utilizing 
an IBM 305 RAMAC computer.
The material has been developed with the view of 
pointing out the necessity of obtaining an understanding of 
the data-processing problem involved and expressing this 
understanding in the form of procedures and machine programs.
The development of the steps involved in this process 
included, defining the problem, selecting the equipment, 
devising procedures and block diagrams, and writing the pro­
gram.
In this study it has clearly been shown that an 
intermediate electronic data-processing machine may be 
integrated into a punched card data-processing system, pro­
viding it with the capabilities of the stored program and 
the processing advantages of a memory of several thousand 
digits.
As one would expect, a general-purpose computer, such 
as the RAMAC, is usually used in many different data-process­
ing procedures. Because almost every organization has a 
payroll, this is probably the most frequent application area 
for intermediate computers. Payroll is certainly not the 
most important application for these machines, but when a 
computer is obtained for several uses, payroll is likely to
213
be included among them and this is the case in the oil pipe 
line company referred to in the last two chapters.
Other areas in which the RAMAC is used in the company 
discussed include inventory accounting, cost accounting, 
general financial accounting and engineering calculations. 
With reference to the latter, it is significant to point 
out that the company studied allocates a portion of the.com­
puter time to the engineering department during certain 
periods of the month and this frequently results in a signi­
ficant improvement in the effectiveness of the engineering 
effort.
One final observation may be made concerning the 
utilization of random access files for data-processing in 
the oil pipe line industry. Through the use of this type of 
automatic data-processing system, it may be possible to 
return to the old manual bookkeeping approach of reflecting 
the influence of each transaction on various records as the 
transactions occur, thus keeping all records up to date at 
all times.
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